AD  AO 99 


gQfiifi**.' 

wS^M^X' 

wSf&Fz&g  avf .-  ■ ., .? 

g^feg  ?■*»«  &<#$  ■-:■ 


UNCLASSIFIED  _ 

SECURITY  CLASStPICATlON  or  THIS  PAGE  fWWDere 


REPORT  DOCUMENTATION  PAGE 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


Hi 


«PC 

N-1685-AF 1 


ftXLA  itmd  B»fllto).  ,  - - 

An  Analysis  of  Combat 

Production  Costs  * 


».  ntcif  jar'*  catalog  mumicm 


Aircraft  Avionics 


3 


Interim  A'/ i&*, 


AVEREO 


«•  PERFORMING  ORG.  REPORT  NUMBER 


/  j  y Dr yden^V! ^r it t  f  S> . ^ 


innings-DePriester 


J 


OR.fig»NT  NUdJJBESftj 

^6/F49620-77-C-0023j- 


|»  performing  organization  name  and  address 

The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  CA.  90406 


to.  PROGRAM  ELEMENT,  PROJECT.  TASK 
AREA  •  PORK  UNIT  NUMBERS 


|it  controlling  or  pice  name  and  address 

Requirements,  Programs  &  Studies  Group  (AF/RDQM) 
Ofc,  DCS/R&D  and  Acquisition 
Hg  USAF,  Washington,  DC  20330 


U 


//  J  Mareil  W%1 


rTJ" 


tS.  NUMBER  OP  PAGES 

140 


MONITORING  AGENCY  NAME  »  ADDRESVfC 


if  free i  Controlling  Ollier) 


tS.  SECURITY  CLASS,  fof  (fit#  report) 

UNCLASSIFIED 


H*.  decl ASSiric ation/ downgrading 

SCHEDULE 


is.  Distribution  statement  fef  im#  Bcpeetj 


Approved  for  Public  Release:  Distribution  Unlimited 


|  IT.  Distribution  STATEMENT  ref  the  abetted  entered  In  Block  70.  II  dlllerenl  tnm  Report; 

No  Restrictions 


is  supplementary  notes 


I  IS  KEY  WORDS  (Contlnuo  on  revere#  aide  If  neeea##ry  aN  Identity  ky  block  number) 


Avionics 

Cost  Estimates 

Military  Aircraft 


Regression  Analysis 
Production  Management 


|I0  ABSTRACT  (Continue  on  revert#  wide  II  nocooomy  end  Identity  by  block  number) 


See  Reverse  Side 


DO  I  JAN*TS  1473 /f  COITION  OP  I  NOV  BB  IS  emOL 


USb>-  (t>  UNCLASSIFIED 

^  SECOTITtCL  ASSlPlC  ATION  OP  THIS  PAG 


PAGE  (When  Data  Entered) 


J 


UNCLASSIFIED _ 

ft  CUWI  TV  CL  At>l  PI  CATION  Of  THIS  PAOCfWH«n  PM.  «wtf<0 


1p."t 


Describes  research  directed  toward  devel- 
ocina  paraaetric  estinatinq  relationships 
for  the  production  costs  of  avionics  suites 
and  svsteas.  The  research  saaple  coaprised 
17  cotbat  aircraft  and  their  avionics 
equipment.  Potential  explanatory  variables 
were  selected  based  on  interviews  with 
aanuf acturers  about  factors  affectino 
avionics  costs  and  the  appropriateness  of 
the  variables  for  use  in  planninq  studies 
earlv  in  svstea  acquisition.  Multivariate 
regression  analysis  techniques  were  used 
to’deternine  the  statistical  properties  of 
candidate  estinatino  relationships  for 
whole  soites  and  individual  systems.  The 
estinatino  equations  derived  for  suites 
were  generally  satisfactory  but  not  always 
as  statistically  efficient  as  desirable. 
Attempts  to  derive  estiaatinq  relationships 
for  avionics  svstens  were  nuch  less  satis¬ 
factory  hut  offer  in oroveaents  over  the 
siaole  cost  per  pound  metrics  often  used. 
The  authors  conclude  that  oblective  means 
for  expressino  technoloqy  chance  and  its 
importance  for  avionics  cost  estiaation 
reaain  a  concern  for  future  reseach.  •—/-  . 
140  pp.  Biblioq.  fDGS) 


UNCLASSIFIED 


•icumrv  cl  ami  pic  avion  or  this  r  AOWIhMi  CM.  Knit  r»0> 


A  RAND  NOTE 


AN  ANALYSIS  OF  COMBAT  AIRCRAFT  AVIONICS 
PRODUCTION  COSTS 


J.  Dryden,  T.  Britt,  S.  Binnings-DePriester 


March  1981 


N-1685-AF 


Prepared  For 


The  United  States  Air  Force 


SANTA  MONICA,  CA.  *0406 


Accession  For  ~| 

NTIS  GRA&I 
DTIC  TAB 
Unannounced 
Justif icati 

§ 

□ 

in_ 

Bv - 

Distribution/ 

AvaUnbilit 
""  [Avail 
Dist  1  Spec 

y  Codes 

and/or 

ial 

AmOVID  PO*  FIHUC  MUASCi  DUTMMJTION  UNtIMITtD 


-iii- 


PREFACE 

Reliable  means  for  estimating  the  costs  of  advanced  avionics 
equipment  have  been  high  priority  needs  of  the  Air  Force  cost  analysis 
community  for  some  time.  This  Note  describes  the  results  of  research 
undertaken  to  provide  estimating  methods  for  avionics  production  costs 
suitable  for  planning  studies,  preliminary  design/cost  tradeoffs, 
Independent  Cost  Analyses  (ICAs),  and  other  situations  in  which 
parametric  procedures  are  appropriate. 

The  research  was  directed  at  providing  an  understanding  of  the  cost 
relationships  and  deriving  estimating  methods  for  both  whole  avionics 
suites  and  individual  avionics  systems  (e.g. ,  computers,  displays, 
active  electronic  countermeasures)  for  advanced  combat  aircraft.  The 
results  are  inconclusive.  The  estimating  equations  derived  for  suites 
are  generally  satisfactory,  but  not  always  statistically  as  robust  and 
efficient  as  desirable.  Attempts  to  derive  estimating  relationships 
for  avionics  systems  were  much  less  satisfactory,  although  our 
results,  with  a  few  exceptions,  are  improvements  over  the  simple  cost 
per  pound  metrics  often  used  for  avionics  estimating.  The  results 
also  provide  useful  insights  about  significant  cost  parameters  in 
avionics  systems. 

The  research  reported  here  should  be  helpful  to  Air  Force,  DoD, 
and  industry  analysts  concerned  with  making  or  analyzing  avionics  cost 
estimates,  particularly  for  planning  purposes.  The  results,  both 
satisfactory  and  unsatisfactory,  should  also  be  useful  references  for 
planning  future  research  on  avionics  costs. 
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This  Note  contains  descriptive  information  on  the  explanatory 
variables  and  technical/performance  data  for  avionics  suites,  systems 
and  individual  system  components.  Cost  data  are  also  provided  for  the 
suites,  but  much  of  the  data  for  the  systems  and  components  are 
designated  as  proprietary  by  the  manufacturers  and  are  not  presented 
here. 

The  Note  was  prepared  for  Project  AIR  FORCE  as  part  of  the 
Resource  Management  Program  project  entitled  "Cost  Analysis  Methods  for 
Air  Force  Systems. 


SUMMARY 


This  Note  describes  the  results  of  recent  research  on  estimating 
relationships  for  the  production  costs  of  avionics  equipment  used  in 
modern  combat  aircraft.  The  goal  of  the  research  was  to  develop 
parametric  estimating  relationships,  based  on  objective  variables  that 
may  be  used  in  planning  studies  early  in  the  system  acquisition 
process  (e.g.,  prior  to  DSARC  II)  when  little  design  information  is 
available,  or  as  a  means  of  cross-checking  estimates  prepared  with 
other  methods. 

The  research  centered  on  a  sample  of  17  modern  combat  aircraft 
and  the  avionics  equipment  installed  within  them.  Potential 
explanatory  variables  were  selected  on  the  basis  of  interviews  with 
manufacturers  about  factors  affecting  avionics  costs  and  the 
appropriateness  of  the  variables  for  use  in  planning  studies.  An 
important  analytical  problem  was  to  find  variables  that  effectively 
captured  the  rapid  technology  change  that  has  characterized  avionics 
during  the  past  several  years.  Multivariate  regression  analysis 
techniques  were  used  to  determine  the  statistical  properties  of 
candidate  estimating  relationships  for  two  levels  of  avionics 
equipments:  whole  avionics  suites  (e.g.,  all  the  avionics  for  a 
given  aircraft)  and  individual  avionics  systems  (e.g.,  computers, 
displays,  and  electronic  countermeasures). 

For  avionics  suites,  we  obtained  logical  and  statistically 
significant  relationships  based  on  size  variables--aircraft  empty 
weight  and  avionics  weight,  power,  and  volume--year  of  first  flight  (a 
technology  variable)  and  an  all-weather  capability  dummy  variable. 

Care  must  be  exercised  in  applying  the  year  of  first  flight  variable, 
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however,  as  it  implies  a  time  dependent  rate  of  technology  change  that 
might  not  be  sustained  in  the  future. 

The  analyses  of  avionics  systems  were  not  as  promising  as  those 
for  suites.  The  systems  were  analyzed  first  as  a  single  group  and 
were  then  subdivided  into  eleven  functional  groups.  This  grouping 
provided  relatively  homogeneous  subsamples  for  which  we  analyzed 
potential  estimating  relationships  based  on  weight,  volume,  and  power 
variables,  and  technology  variables  that  distinguished  among  vacuum 
tube,  solid  state,  and  integrated  circuit  equipments.  These 
particular  technology  variables  added  little  to  the  usefulness  of  the 
tested  relationships,  and,  on  the  whole,  the  relationships  exhibit  an 
undesirable  amount  of  unexplained  variance.  Thus,  objective  means  for 
expressing  technology  change  and  its  importance  for  avionics  cost 
estimation  remain  a  concern  for  future  research.  For  most  avionics 
groups,  however,  these  results  are  an  improvement  over  simple 
cost -per -pound  metrics  of  the  type  often  used  in  planning  studies. 
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I .  INTRODUCTION 

The  mission  capabilities  of  avionics  systems  in  modern  combat 
avionics  have  increased  enormously  over  the  past  few  years.  This 
increase  in  capability  has  been  accompanied  by  similar  changes  in  the 
cost  of  avionics  systems  and  has  increased  their  contribution  to  the 
total  cost  of  acquiring  new  combat  aircraft.  Cost  analysis  techniques 
have  not,  however,  kept  pace  with  the  growing  significance  of  avionics, 
and  available  techniques  generally  lag  behind  those  routinely  used  for 
predicting  and  analyzing  the  costs  of  airframes  and  turbine  engines. 

In  particular,  no  reliable  and  widely  accepted  set  of  parametric 
estimating  techniques  are  available  for  addressing  avionics  production 
costs  early  in  the  acquisition  process  (e.g. ,  prior  to  DSARC  II  or  for 
planning  studies  or  preliminary  design/cost  tradeoffs)  when  design* 
specific  information  is  not  available  or  for  cross-checking  estimates 
prepared  by  engineering-  or  analogy-based  methods  (e.g.,  in 
Independent  Cost  Analyses).  Instead,  many  planning  studies  rely  on 
cost -per -pound  rules  of  thumb  to  make  first-order  estimates  of 
avionics  production  costs. 

This  Note  describes  the  results  of  our  research  on  avionics 
production  costs  and  our  attempt  to  meet  the  need  for  reliable 
parametric  estimating  techniques.  The  research  centered  on  avionics 
systems  and  major  equipments  found  in  a  sample  of  17  modern  combat 
aircraft  ranging  from  the  A-4M  to  the  FB-111A  (but  excluding  other 
bombers).  Potential  estimating  relationships  were  examined  at  two 
levels:  whole  avionics  suites  for  new  aircraft  and  individual 
avionics  systems  (e.g.,  computers,  displays,  and  active  electronic 
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countermeasures) .  For  both  instances,  potential  explanatory  variables 
were  selected  to  match  the  information  likely  to  be  available  early  in 
the  design  and  planning  process  for  new  systems.  For  example,  we  could 
reasonably  expect  a  cost  estimator  involved  in  a  planning  study  to 
have  a  reasonable  knowledge  of  the  functions  to  be  performed  by  the 
avionics  and  fairly  accurate  estimates  of  its  weight;  we  would  not, 
however,  expect  that  estimator  to  know  the  number  of  piece-parts 
contained  within  a  planned  avionics  system. 

A  major  problem  in  developing  avionics  estimating  relationships-- 
both  in  this  research  and  in  past  efforts  at  Rand  and  elsewhere--is 
how  to  capture  and  represent  the  rapid  change  characterizing  the 
electronics  technology  of  avionics.  Over  the  past  several  years 
advances  in  that  technology  have  consistently  led  to  the 
accomplishment  of* more  individual  functions  per  unit  size  of  avionics 
equipment  and  at  lower  cost  per  function.  Simultaneously,  avionics 
designers  have  demanded  that  more  functions  be  performed  in  the 
aggregate  (to  meet  mission  requirements)  so  that  the  overall  effect  on 
costs  has  been  positive  and  large.  After  examining  several  possible  j 

4 

means  for  expressing  the  effects  of  technological  change,  we  settled 
on  the  use  of  a  time  variable  keyed  to  year  of  first  flight  in 
developing  regression  equations  for  avionics  suite  costs.  Explicit 
technology  categories --vacuum  tubes,  solid  state  and  integrated 
circuits — were  used  as  binary  variables  in  deriving  predictive 
equations  for  avionics  systems.  (In  both  cases,  the  technology- 
related  variables  were  combined  with  other  mission  and  physical 
variables) . 
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The  results  were  mixed.  The  suite  equations,  including  the  time 
variable,  are  satisfactory  both  statistically  and  intuitively.  The 
time  variable  implies,  of  course,  that  the  rate  of  technological 
change  is  constant  over  time- -an  implication  that  must  be  treated  with 
care  when  extrapolating  more  than  a  very  few  years  beyond  the  range  of 
the  sample.  The  avionics  systems  equations,  on  the  other  hand,  are 
much  less  satisfactory  and  the  technology  variables  added  little  to 
the  explanatory  power  of  these  equations.  Thus,  objective  means  for 
expressing  technology  change  remain  a  concern  in  the  estimation  of 
avionics  costs. 

The  results  of  the  research  presented  here  do  not  meet  the  full 
need  for  reliable  estimating  techniques  for  avionics  production  costs. 
Our  analyses  of  suite  costs  yielded  acceptable  relationships  for 
suites,  but  some  of  the  residuals  are  large  and,  as  noted  above,  the 
technology  change  phenomena  is  "explained"  only  in  terms  of  time.  For 
avionics  equipments,  the  results  are  much  less  satisfying  and  the 
regressions  are  characterized  by  significant  unexplained  variance.  We 
believe,  however,  that  the  results  provide  useful  insights  about  the 
cost  characteristics  of  avionics  and  an  improved,  if  not  wholly 
satisfactory,  basis  for  generating  cost  estimates. 

PLAN  OF  THE  NOTE 

The  research  approach  and  data  base  for  our  study  are  discussed 
in  Section  II.  Section  III  presents  the  analysis  of  avionics  suite 
costs,  and  Section  IV  discusses  the  analysis  and  results  for  avionics 
systems.  Our  conclusions  and  recommendations  are  included'  in  Section  V. 
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The  Note  contains  two  appendices:  Appendix  A  presents 
descriptive  and  cost  data  for  avionics  suites  and  Appendix  B  contains 
data  used  in  our  analysis  of  systems.  Cost  data  for  several  of  the 
components  within  the  systems  are  manufacturer  proprietary;  hence  only 
aggregate  cost  information  is  presented  for  systems. 
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II.  RESEARCH  APPROACH,  DATA,  AND  ADJUSTMENTS 

In  this  section  we  review  the  approach  taken  in  our  research, 
the  data  base  used  and  the  adjustments  made  to  that  data. 

RESEARCH  APPROACH 

The  results  presented  in  Sections  III  and  IV  are  based  primarily 
on  standard  techniques  of  multivariate  regression  analysis.  The 
critical  part  of  the  research,  of  course,  was  the  determination  of  the 
predictive  models  to  be  tested  with  the  regression  analysis.  Hence  a 
major  part  of  our  effort  was  the  investigation  of  explanatory 
variables  for  avionics  production  cost.  Three  considerations  were 
paramount  here:  (1)  the  variables  must  have  a  logical  and  substantive 
relationship  to  the  cost  of  producing  avionics;  (2)  information  on  the 
variable  must  generally  be  available  to  analysts  early  in  system 
design;  and  (3)  the  variables  should  be  objective  and  easily  verified. 
(The  latter  is  particularly  important  for  estimating  methods  that  may 
be  used  in  the  preparation  of  Independent  Cost  Analyses). 

We  interviewed  government  and  industry  engineering  and 
manufacturing  personnel  to  identify  aspects  of  avionics  equipment  that 
influenced  production  cost.  This  process  provided  the  theoretical 
basis  for  the  variables  we  later  included  in  our  statistical  analyses 
but  also  turned  up  variables  which  could  not  be  used.  Lack  of  an 
objective  basis  for  prediction  disqualified  many  complexity  concepts, 
while  nonavailability  of  data  prevented  us  from  using  piece-part 
count  (an  effective  estimating  variable  for  near-term  production 
projects).  Some  suggestions  proved  to  be  without  merit,  such  as  the 
use  of  density  as  a  technology  indicator.  A  review  of  the  data 
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showed  that  technology  and  density  do  not  correlate,  indicating  that 
other  factors,  such  as  cooling  requirements,  have  dominated  technology 
growth.  For  our  final  analyses,  we  developed  candidate  explanatory 
variables  in  five  areas:  size;  mission  or  function;  environment 
(suites  only);  armament  (suites  only);  and  technology.  In  the 
following  discussion  we  examine  each  area  as  it  pertains  to  both  suites 
and  systems,  indicating  the  rationale  for  the  variables  chosen  and  for 
those  excluded. 

Size 

The  size  of  a;.  tt«n  is  an  intuitively  satisfying  and  generally 
valid,  if  imperfect,  indicator  of  the  cost  to  produce  it.  However, 
previous  uset  of  s.ze  variables  in  avionics  estmating  have  not  been 
satisfactory.  We  use  aircraft  empty  weight  (suites  only)  and  avionics 
weight,  volume  and  power  variables  as  various  measures  of  size  in  the 
analyses  that  follow.  Other  variables,  discussed  in  the  following 
paragraphs,  are  intended  to  normalize  sample  observations  so  that  the 
size  variables  become  predictive.  Weight  is  the  size  characteristic 
for  which  data  are  most  often  available  for  planning  estimators.  But 
our  investigations  indicated  that  in  some  instances  volume  or  power 
data  are  more  readily  available,  thus  the  inclusion  of  these 
variables.  For  those  instances  in  which  data  are  available  on  more 
than  one  variable,  the  multiple  estimating  equations  may  be  used  for 
cross-checking  estimates.  In  order  to  avoid  problems  of  multicol- 
linearity,  we  did  not  attempt  to  develop  equations  incorporating 


more  than  one  of  the  size  variables. 


Mission/Function 


An  obvious  way  to  develop  homogeneous  samples  is  to  sort 
observations  based  on  what  they  accomplish.  At  the  suite  level  we 
chose  mission  characteristics  of  the  aircraft  as  our  indicators.  The 
four  binary  categorical  (dummy)  variables  that  we  included  are: 
All-weather,  Air-to  Air,  Air-to-Ground,  and  Penetrating  (Active  ECM) . 
These  are  based  on  the  entire  suite  capability  and  are  not  indicative  of 
a  particular  piece  of  equipment.  For  example,  an  all-weather  aircraft 
generally  has  an  inertial  navigation  set  (INS),  but  in  our  sample  the 
A-4M  is  an  exception  to  this  rule.  All-weather  capabilities  are  a 
function  of  the  radar,  display,  and  armament  capabilities  of  the 
aircraft,  as  well  as  the  INS.  Much  the  same  sort  of  discussion  applies 
to  the  Penetrating  capability,  which  could  range  from  a  single  simple 
jammer  to  a  battery  of  complex  devices.  The  point  is  that  the  entire 
suite  must  be  characterized  rather  than  the  individual  components  to 
reflect  the  interplay  among  systems. 

The  basis  for  sorting  at  the  system  level  was  componentry 
function.  We  sought  to  group  systems  with  similar  component  types 
(rather  than  physical  function)  to  support  our  size  assumptions.  Thus 
electronic  countermeasures  fall  into  three  groups:  Active  ECM 
(radiating  devices),  Passive  ECM  (nonradiating  devices,  such  as  radar 
warning  receivers),  and  Electromechanical  Devices  (chaff/flare 
dispensers).  Similarly,  radio  communications  and  identification- 
friend-or-foe  systems  are  grouped  together,  and  inertial  navigation 
systems  are  grouped  with  other  gyroscopic  devices.  In  this  fashion  we 
developed  11  functional  groups  (listed  in  Section  IV).  We  were 
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influenced  to  a  certain  extent  by  the  need  to  maintain  a  group  size 
large  enough  for  analysis.  Some  of  the  groups  do  not  follow  the 
organization  of  avionics  equipment  in  the  Work  Unit  Code  System,  but 
the  group  specifications  of  Appendix  B  provide  ample  information  to 
determine  the  appropriate  group  for  equipment  whose  cost  is  to  be 
estimated. 

Environment  (Suites  Only) 

We  identified  two  environmental  effects  on  avionics  production 
cost:  carrier  basing  and  the  presence  of  an  internally  mounted  gun. 
Carrier  basing  generally  implies  more  complex  avionics  because  of 
restrictions  on  the  availability  of  shipboard  support  equipment  and 
the  problems  presented  in  calibrating  systems  on  a  moving  platform. 

The  gun  introduces  vibration  and  chemical  byproducts  into  the  avionics 
environment,  requiring  added  care  in  design,  placement,  and 
construction.  Because  of  difficulty  in  attributing  the  gun  capability 
to  multimodel  aircraft  such  as  the  F-lll  series,  we  did  not  use  the 
gun  as  an  explanatory  variable. 

Armament  (Suites  Only) 

We  included  a  Radar  Launch  Guided  Missile  capability  as  an 
explanatory  variable  in  our  avionics  suite  analysis.  Radar  launch 
guided  missiles,  such  as  the  AIM-7  Sparrow,  require  significant 
capability  of  the  radar  and  fire  control  systems  of  the  suite,  much 
more  than  does  an  infrared  homing  missile,  such  as  the  AIM-9 
Sidewinder.  Further  distinctions  in  missile  capability,  such  as 
semiactive  versus  active  radar  guidance,  could  not  be  implemented 


with  our  data  base. 
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Radar  bombing  was  also  considered  as  an  armament  explanatory 
variable  and  indeed  this  capability  has  a  significant  effect  on  suite 
configuration  and  cost.  The  cost,  however,  depends  on  the  degree  of 
accuracy  and  other  characteristics  of  the  radar  bombing  system  that 
are  not  effectively  represented  by  a  binary  variable.  Since  we  were 
unable  to  reliably  depict  the  level  of  bombing  capability  among  the 
aircraft  in  our  sample,  we  excluded  radar  bombing  as  an  explanatory 
variable. 

Technology 

Perhaps  the  greatest  problem  faced  in  avionics  cost  estimating  is 
the  lack  of  homogeneity  in  the  historical  data  base  caused  by  the 
rapid  growth  of  microelectronic  technology  over  the  past  several 
years.  We  have  attempted  to  capture  the  effects  of  technology  by 
using  time  (aircraft  first  flight  date)  in  our  suite  case  and  a 
technology  indicator  in  our  system  level  case. 

The  use  of  an  aircraft  first  flight  date  as  a  technology  variable 
has  logical  appeal,  but  it  presents  problems  as  well.  Since 
technological  development  is  often  aimed  at  performing  essential 
functions  more  efficiently,  we  can  generally  expect  that  the  cost  per 
unit  of  functional  accomplishment  will  decrease  over  time.  (That  the 
cost  per  unit  size  will  increase  is  an  empirical  observation  that  is 
not  a  direct  outcome  of  the  technological  development  process.) 
Nevertheless  we  can  reasonably  expect  that  there  should  be  some 
functional  relationship  between  cost  and  time  under  conditions  of 
improving  technology. 
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The  problem  arises  when  we  consider  the  nature  of  that  functional 
relationship.  Unlike  the  case  presented  by  simple  size  variables,  we 
cannot  assume  that  uniform  scaling  of  cost  with  time  will  occur.  We 
cannot  even  be  certain  that  a  continuous  functional  relationship 
exists:  The  time  trend  observed  in  the  data  is  not  necessarily  an 
indication  of  the  course  of  future  technological  growth.  The  first 
flight  date  represents  the  technology  level  that  was  available  to  the 
suite  designers  of  the  aircraft  in  our  sample.  Extrapolation  of  the 
time  trend  beyond  a  very  few  years  can  produce  noncredible  estimates. 
Thus,  subjective  assessments  external  to  the  quantitative  model  must 
be  made  to  evaluate  properly  the  time-related  input  variable  for 
estimating  future  avionics  suites.  (Possible  approaches  to  avoiding 
unwanted  outcomes  in  using  the  first  flight  date  variable  are 
discussed  in  Section  III.) 

In  our  system  level  analyses,  we  used  discrete  categories  to 
characterize  the  technology  of  the  individual  systems,  thus  avoiding 
the  use  of  time  as  an  explanatory  variable.  Systems  were  categorized 
as  being  of  "vacuum  tube,"  "solid  state"  or  "integrated  circuit" 
technology.  While  this  categorization  is  reasonably  objective,  it 
suffers  two  major  drawbacks.  First,  many  systems  incorporate  more 
than  one  of  the  above  types  of  technology.  For  these  it  would  have 
been  more  apropriate  to  indicate  percentage  representation  or  develop 
some  weighted  average  measure  of  technology.  Secondly,  the  three 
levels  of  technology  we  use  are  not  sufficient  to  distinguish  the 
technological  options  available  today.  This  is  particlarly  the  case 
for  integrated  circuitry,  where  distinctions  should  be  made  among 
small,  medium,  and  large  scale  versions.  We  did  not,  however,  have  the 
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detailed  data  or  the  number  of  observations  required  to  develop  a 
more  discriminating  means  of  representing  technological  influence  in 
avionics  systems.  Despite  its  limitations,  the  three-group 
categorization  does  provide  a  means  of  measuring  technology's  influence 
on  cost  that  does  not  suffer  from  the  uncertainties  associated  with 
the  use  of  time  as  a  predictive  variable. 

We  also  explored  other  approaches  to  representing  technology. 

These  included  the  use  of  subjective  assessment  scales  and  attempts  to 
find  an  independent  leading  series  representing  technology  that  could 
be  correlated  with  other  variables  within  our  data  base.  These 
alternative  approaches  were  not  successful  and  were  not  tested  in  our 
regression  analyses. 

DATA  AND  ADJUSTMENTS 

An  important  part  of  our  research  involved  the  collection  of  cost 
and  technical  data  and  the  identification,  when  possible,  of 
alternative  sources  for  such  data.  The  data  base  consisted  of  suite 
and  system  information  for  the  following  aircraft: 


A-4M 

A-10A 

F-4J 

F-111A 

A-6E 

F-4C 

F-5E 

F-111D 

A-7D 

F-4D 

F-14A 

F-111E 

A-7E 

F-4E 

F-15A 

F-111F 

FB-111A 
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It  was  necessary  to  adjust  the  data  for  consistency  in  number  of  units 
produced  and  the  year-dollars  involved.  The  nature  of  the  data 
available  for  the  study  and  the  adjustments  made  to  them  are  discussed 
in  this  section. 

Source  of  Data 

Most  of  the  data  used  here  were  taken  from  an  earlier  Rand  study 
that  contains  both  classified  and  proprietary  data.  We  were 
unsuccessful  in  our  efforts  to  supplement  that  study  from  contractor 
sources  and  only  government  sources  were  used  in  updating  the  original 
data  base.  We  collected  updated  suite  data  for  the  A- 10  and  F-15  from 
the  respective  program  offices  and  data  on  individual  systems  from 
various  Air  Force  and  Navy  sources.  We  did  not  use  summary  data 
sources  such  as  are  found  in  Air  Force  TO  00-25-30,  Technical  Manual, 
Unit  Costs  of  Aircraft,  Guided  Missiles  and  Engines,  because  of  the 
greater  visibility  offered  by  suite  data  at  the  system  level  and  our 
confidence  in  its  accuracy. 

The  reader  will  note  many  omissions  in  the  data  contained  in 
Appendices  A  and  B.  Much  of  our  effort  was  aimed  at  filling  in  such 
blank  spaces  in  our  data  base.  To  this  end  we  reviewed  historical 
records  at  the  various  government  agencies  and  contacted  the  offices 
responsible  for  the  ongoing  support  of  aircraft  systems  no  longer 
being  acquired.  While  we  were  able  to  acquire  some  new  information, 
it  is  apparent  that  current  data  systems  are  not  oriented  toward  the 
retention  of  acquisition  information.  The  following  paragraphs 
further  specify  the  nature  of  the  data  problems  we  faced  and  discuss 
the  adjustments  we  made. 
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Level  of  Detail 

We  collected  data  at  the  "system"  level  (i.e.,  radar  set,  ECM  set, 
radio  set,  etc.),  denoted  by  the  Joint  Electronics  Type  Designation 
System  "AN"  nomenclature  system.  An  example  of  this  level  of  detail 
is  the  ARC-164  UHF  Communications  Set.  It  became  apparent  during  our 
study  that  this  nomenclature  system  does  not  uniquely  identify  a  group 
of  equipment.  For  the  example  system  above,  we  collected  separate  sets 
of  costs  and  specifications  for  the  A-10  and  F-15,  each  substantially 
different  from  the  other.  A  search  of  historical  avionics  records 
revealed  many  examples  of  the  nonuniqueness  of  the  AN  system.  We 
resolved  data  conflicts  resulting  from  this  situation  by  selecting  the 
unit  with  the  highest  production  quantity.  We  were  also  cautious  in 
combining  data  from  different  sources  for  any  particular  system. 

Type  of  Data 

With  few  exceptions,  our  cost  da*  1  are  "costs  to  the  government," 
or  producers'  prices.  These  amounts  contain  profit  and  general  and 
administrative  (G&S)  charges,  which  vary  from  contract  to  contract, 
depending  on  such  factors  as  financial  risk,  business  volume,  and 
competition.  In  order  to  use  costs -to-the-government  type  data  in 
our  analysis,  we  assume  that  fee  and  G&A  are  distributed  without  bias 
relative  to  equipment  costs  and  characteristics. 

Cost-Quantity  Aspects 

A  further  complication  to  the  analysis  results  from  the 
cost-quantity  aspects  of  the  avionics  data.  For  some  equipment  we 
have  average  cost  by  lot  and  lot  quantities;  for  these  we  could 
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calculate  a  learning  curve  slope  and  100th  unit  cost,  the  accuracy 
depending  on  how  well  cost  to  the  government  tracks  actual  cost.  For 
other  equipment  the  cost  data  relates  to  aircraft  rather  than  to 
avionics  quantities.  For  still  other  equipment  no  lot  data  were 
available  at  all,  only  estimated  100th  unit  cost.  In  many  cases, 
average  lot  data  could  not  be  attributed  to  any  particular  unit 
(especially  true  for  Government  Furnished  Equipment). 

Previous  studies  have  dealt  with  data  problems  of  this  kind  by 
extending  all  costs  to  the  1000th  unit  to  minimize  the  impact  of 
learning  curve  variations.  Estimates  would  then  be  adjusted  with  an 
average  learning  curve  slope.  We  found  the  variation  in  learning 
curves  too  large  to  allow  the  use  of  this  procedure.  Rather,  in  the 
systems  case,  we  preferred  to  analyze  those  systems  for  which  we  had 
100th  unit  costs,  leaving  the  uncertainity  of  the  learning  curve  as  a 
topic  to  be  addressed  once  an  estimating  procedure  was  in  hand. 

Inflation  Adjustment 

No  single  avionics  inflation  index  was  available  with  which  to 
adjust  historical  costs  to  fiscal  year  (FY)  1978  dollars.  Therefore, 
we  used  several  sets  of  indices,  as  shown  in  Table  1. 

The  Air  Force  Aeronautical  Systems  Division  (ASD)  avionics 
procurement  index  was  used  to  adjust  all  but  newly  collected  A-10  and 
F-15  data  to  FY75.  This  index  has  been  discontinued,  so  we  used  the 
AFR  173-10  procurement  index  to  adjust  these  FY75  costs  to  FY78.  A-10 

avionics  procurement  began  in  FY75;  all  lot  data  were  adjusted  to  FY78 
by  using  the  AFR  173-10  index.  F-15  data  were  available  from  the  SPO  in 
FY76  dollars;  these  were  adjusted  to  FY78  by  using  the  AFR  173-10  index. 
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Table  1 

INFLATION  INDICES 


AFR  173-103 
(2  May  77) 

ASD  AVIONICS 
(12  July  75) 

F-15  AVIONICS3 
(1975) 

FY59 

60.1 

56.0 

— 

60 

59.6 

57.3 

— 

61 

60.8 

58.6 

— 

62 

60.1 

60.0 

— 

63 

60.2 

61.5 

— 

64 

60.4 

62.8 

— 

65 

61.2 

64.0 

— 

66 

63.2 

65.7 

— 

67 

65.4 

68.3 

— 

68 

67.6 

71.8 

— 

69 

69.8 

75.5 

— 

70 

72.5 

78.8 

— 

71 

75.8 

82.3 

— 

72 

78.8 

85.9 

— 

73 

82.1 

89.5 

80.6 

74 

87.4 

94.1 

90.0 

75 

100.0 

100.0 

100.0 

76 

107.4 

— 

109.8 

76TQ 

111.0 

— 

— 

77 

115.1 

— 

— 

78 

122.1 

— 

— 

SOURCES : 

1.  Comptroller  of  the  Air  Force,  USAF  Cost  and  Planning  Factors. 
Volume  I,  AFR  173-10,  May  2,  1977. 

2.  Aeronautical  System  Division,  Cost  Research  Report  Number  HOB, 
July  12,  1975. 

3.  F-15  System  Program  Office. 
aRebased  to  FY75  for  comparison. 
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Suite  versus  System  Data 

In  contrast  to  the  system  level,  where  we  edited  the  data  base  to 
include  only  100th  unit  costs,  our  suite  level  data  base  is 
comprehensive.  The  cases  treated  at  the  suite  level  use,  first, 
aircraft  empty  weight  and,  then,  three  avionics  characteristics  as 
primary  size  variables.  It  was  necessary  to  use  different  cost  data 
in  each  case  to  present  a  consistent  analysis. 

The  aircraft  empty  weight  case  used  the  broadest  (and  least 
accurate)  measure  of  suite  cost  consisting  of  100th  unit,  average  last 
lot  cost  and  estimated  system  costs.  The  estimated  system  costs 
distinguish  this  case  from  the  other  three  cases.  These  costs  were 
generated  by  analogy  to  like  systems  and  the  mean  of  their  respective 
functional  group.  We  are  reasonably  confident  that  no  major  biases 
were  introduced  by  this  procedure,  since  the  percentage  of  estimated 
total  suite  cost  due  to  our  estimates  was  small. 

Common  to  all  four  cases  was  the  mixing  of  100th  unit  and  average 
last  lot  system  costs.  This  is  representative  of  the  way  that  suites 
are  procured,  since  a  mix  of  old-  and  new-design  equipment  is  selected 
on  the  basis  of  capability  and  availability.  We  expect  future  avionics 
suites  to  display  the  same  sort  of  mix. 

In  the  three  cases  using  avionics  characteristics,  it  was 
necessary  to  adjust  the  cost  data  to  account  for  missing 
characteristics  values.  Thus  the  weight  case  includes  all  systems 
for  which  weight  data  were  available,  and  the  power  and  volume  cases 
are  similarly  inclusive. 
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III.  SUITE  LEVEL  COST  ESTIMATING 

This  section  considers  the  problem  of  making  planning  estimates 
for  avionics  suites  in  the  absence  of  detailed  technical  data  for  the 
avionics.  We  approach  this  problem  in  two  ways:  The  first  assumes 
that  only  gross  aircraft  characteristics  are  available;  the  second 
assumes  that  the  estimator  has  knowledge  of  the  avionics  suite 
characteristics.  The  rationale  for  using  avionics  characteristics  is 
stronger,  but  information  on  aircraft  characteristics  would  generally 
be  available  earlier  in  the  planning  process;  thus  both  approaches  may 
be  useful. 

Costs  and  technical  data  pertaining  to  the  following  discussion 
are  contained  in  Appendix  A.  "Estimated  Total  Suite  Cost,"  the 
dependent  variable  for  the  aircraft  characteristic  case,  consists  of 
100th  unit,  average  last  lot,  and  roughly  estimated  system  costs.  In 
addition,  the  "Suite  Cost  by  Weight,"  "Suite  Cost  by  Volume,"  and 
"Suite  Cost  by  Power"  of  the  avionics  characteristics  cases  are 
partial  totals  reflecting  100th  unit  and  average  last  lot  system  costs 
without  estimates  of  missing  systems. 

ESTIMATING  WITH  AIRCRAFT  CHARACTERISTICS 

Why  should  avionics  suite  costs  be  a  function  of  combat  aircraft 
characteristics?  Because,  among  other  reasons,  the  aircraft  size  con¬ 
strains  the  amount  of  avionics  onboard,  and  the  aircraft  operational 
environment  and  weapons  determine  suite  functional  requirements. 
Moreover,  it  can  be  argued  that  since  aircraft  costs  increase  with 
size,  more  and  more  expensive  avionics  are  justified  in  the  interests 


of  overall  cost  effectiveness. 


Explanatory  Variables. 

The  aircraft  characteristics  and  capabilities  that  we  considered 
are  listed  in  Table  2.  A  few  comments  are  in  order  regarding  these 
candidate  explanatory  variables . 

The  number  of  seats  in  an  aircraft  influences  avionics  costs  in 
two  opposite  ways:  (1)  Two  crew  members  require  two  sets  of  most 
displays  and  controls,  thus  increasing  cost;  (2)  Two-seat  aircraft 
require  more  airframe  weight  relative  to  the  avionics  carried,  thus 


Table  2 


AIRCRAFT  CHARACTERISTICS  AND  CAPABILITIES 
FOR  ESTIMATING  AVIONICS  SUITE  COSTS 


SIZE 

Aircraft  Empty  Weight 
Number  of  Seats 

Aircraft  Length  (Volume  Proxy) 

MISSION 
All-weather 
Air  to  Air 
Air  to  Ground 


ENVIRONMENT 
Carrier  Based 

ARMAMENT 

Radar  Launch-Guided  Missile 

TIME /TECHNOLOGY 

Year  of  First  Flight 


Penetrating  (Active  ECM) 
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decreasing  the  influence  of  aircraft  empty  weight  on  suite  cost.  The 
air-to-air  and  air-to-ground  variables  represent  the  principal  mission 
of  the  aircraft;  although  some  aircraft  have  both  capabilities,  no 
aircraft  within  the  sample  is  given  credit  for  both.  Radar 
launch-guided  air-to-air  missiles  are  represented  by  Sparrow  (F-4  and 
F-15)  and  Phoenix  (F-14)  in  the  sample;  these  missiles  require 
aircraft  radar  assistance  in  reaching  their  targets  as  opposed  to  the 
infrared-seeking  Sidewinder  carried  by  other  aircraft. 

Data. 

The  complete  data  set  for  avionics  suites  is  contained  in 
Appendix  A.  For  purposes  of  discussion,  Fig.  1  shows  the  estimated 
total  suite  cost  plotted  against  aircraft  empty  weight  for  the 
seventeen  combat  aircraft  in  the  sample. 

An  immediate  problem  apparent  in  the  plot  is  the  vertical  scatter 
associated  with  the  multiple  series  aircraft  (i.e.,  A-7s,  F-4s,  and 
F-llls).  This  points  out  a  weakness  of  aircraft  empty  weight  as  a 
proxy  for  avionics  cost,  since  any  given  airframe  can  accommodate 
vastly  differing  assortments  of  avionics. 

The  range  of  the  scatter  for  the  multiple  series  aircraft  is  an 
indication  of  the  accuracy  that  can  be  attained  in  estimating  suite 
cost  from  aircraft  characteristics.  It  should  also  be  noted  that 
suites  tend  to  get  more  expensive  as  subsequent  models  are  produced, 
a  trend  that  should  be  taken  into  account  when  estimating  the  total 


k. 


complement  of  some  future  aircraft  series. 


• 
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We  accommodate  the  vertical  scatter  problem  by  averaging  the 
multimodel  cost  and  weight  data  and  using  the  midrange  of  the  first 
flight  dates.  The  average  is  treated  as  the  best  estimate  for  the 
series  and  is  incorporated  as  a  single  data  point  without  further 
weighting.  Averaging  serves  to  prevent  overemphasis  of  a  particular 
airframe,  and  the  use  of  the  midrange  first  flight  date  reflects  the 
technological  (and  equipment  configuration)  growth  across  models. 

This  treatment  of  the  multiple  series  problem  is  at  best  a  compromise, 
but  it  seems  an  appropriate  way  to  combine  these  aircraft  with  a  group 
of  first  (A-10A,  F-14A,  F-15)  and  last  (A-6E,  A-4M,  F-5E)  models. 
Regression  Analyses. 

We  obtained  a  statistically  significant  estimating  model  by 
regressing  log  aircraft  empty  weight,  first  flight  date,  and 
all-weather  capability  on  log  estimated  total  suite  cost.  Table  3 
shows  the  resulting  equation  along  with  pertinent  statistics,  input 
data,  predictions,  and  residuals. 


*A11  regression  analyses  (e.g..  Table  3)  were  of  the  "log-linear" 
form,  that  is,  logarithms  of  dependent  and  independent  (except  dummy) 
variables  are  taken  before  linear  regression  is  performed.  When  these 
logarithmic  equations  are  transformed  to  the  power  forms  displayed 
here,  a  bias  is  introduced.  The  error  term  of  the  equation  was 
normally  distributed  prior  to  transformation,  log-normally  after.  To 
correct  for  this  bias,  the  constant  term  in  the  equation  is  multiplied 
2 

SEE,  12 

by  e  ,  where  SEE  is  the  standard  error  of  the  estimate  of  the 

prediction  equation.  This  results  in  the  equation's  being  an  unbiased 
estimator  of  the  mean  of  the  cost  distribution.  Subsequent  to  this 
adjustment  the  average  standard  error  can  be  calculated  as 

SEE  -SEE 
_____  e  -e 
SEE  = 

2 

This  is  a  constant  percentage  error  which  approximates  the  dispersion 
about  the  adjusted  estimator. 


T 
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Table  3 

REGRESSION  EQUATION,  DATA,  AND  RESULTS  FOR 
AIRCRAFT  CHARACTERISTICS  CASE 


Equation 


a 


COST  =1.38  WEIGHT 


1.44 


(.14  FSTFLT  +1.41  ALLWTHR) 
e 


(.01)  (.01)  (.01) 


Where:  ALLWTHR 
COST 
FSTFLT 
WEIGHT 
(  ) 


=  All  weather  capability  (Yes=l/No=0) 

=  Estimated  total  avionics  suite  cost  ($K-78) 
=  Aircraft  first  flight  data  minus  62 
=  Aircraft  empty  weight  (K-lbs) 

=  Significance  of  regression  coefficient 
(one-tailed  t-test) 


Statistics'5 


R  = 

■  .99 

SEE  =  .14 

F  =  144, 

Significant  at  < 

1% 

Data  and 

Results 

COST 

Aircraft 

WEIGHT 

FSTFLT+62 

ALLWTHR 

Cost 

g 

Estimate 

Residual  |z| 

A-4M 

10 . 8K-lb 

70 

Yes 

$480K-78 

$533K-78 

$-53K-78 

11 

A-6E 

25.6 

70 

Yes 

1695 

1847 

-152 

8 

A-7 

19. 8C 

68 

Yes 

1122 

964 

158 

14 

A-10A 

19.9 

12  A 

No 

445 

415 

30 

7 

F-4 

29. 4C 

65d 

Yes 

1176 

1120 

56 

5 

F-5E 

9.6 

72 

No 

135 

145 

-10 

7 

F-14A 

38.9 

70 

Yes 

3370 

3374 

-4 

<1 

F-15A 

25.8 

72  a 

Yes 

2750 

2472 

278 

10 

F-lll 

46. 8C 

67. 5d 

Yes 

2559 

3103 

-544 

21 

aAdjusted  for  bias  due  to  log-linear  regression. 

'’statistics  based  on  logarithmic  model  form. 
r2  =  coefficient  of  determination  unadjusted  for  degrees  of  freedom. 
SEE  =  standard  error  of  the  estimate  of  the  prediction  equation. 

F  =  F-statistic  specifying  level  of  significance  of  equation. 

Q 

Average  of  models  in  sample. 

^Midrange  of  models  in  sample. 
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Discussion 

The  logarithmic  equation  form  provides  a  very  good  fit  to  the 
data.  The  fact  that  the  coefficient  of  log  aircraft  empty  weight  is 
greater  than  one,  reflecting  a  diseconomy  of  scale  of  suite  costs 
relative  to  aircraft  weight,  is  consistent  with  the  notion  that 
specialization  occurs  at  the  margin:  All  aircraft  have  radios  but  not 
all  have  inertial  navigation  sets. 

All-weather  Variable.  According  to  our  equation,  an  all-weather 
capability  quadruples  the  cost  of  the  avionics  suite.  This  translates 
to  suite  costs  of  $594K-78*  and  $1700K-78  for  all-weather  versions  of 
the  F-5E  and  A-10A,  respectively.  Confidence  placed  in  these  estimates 
and  in  other  differential  estimates  concerning  all-weather  capability 
should  be  guarded,  since  the  F-5  and  A-10  are  the  only  non-all-weather 
aircraft  in  the  sample. 

First  Flight  Date  (Time)  Variable.  Within  the  sample,  time 
accounts  for  a  15 -percent  per  year  growth  in  suite  cost.  This  is  due 
to  miniaturization  of  componentry  and  increased  automation  in  design 
and  manufacture,  resulting  in  more  functions  from  a  given  quantity  of 
equipment  and  less  cost  per  function  but  more  cost  per  pound.  Because 
mission  requirements  for  combat  aircraft  are  so  demanding,  suites  tend 
to  grow  to  fill  the  available  space,  resulting  in  more  expensive 
suites. 


*The  notation  "$594K-78"  means  $594,000  fiscal  year  1978  dollar?. 
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We  assessed  the  marginal  effects  of  using  first  flight  date 
and  the  F-15A — the  newest  aircraft  in  our  sample — on  the  estimating 
equation;  results  are  shown  in  Table  4. 


Table  4 


EVALUATING  EFFECTS  OF  TIME  VARIABLE 
ON  AIRCRAFT  CHARACTERISTICS  COST 
ESTIMATING  RELATIONSHIP 


Sample 

Equation 

Form 

With 

Time? 

2 

R 

SEE 

F-15 

Estimate 

Percent 

Residual 

With 

Log 

Yes 

.99 

.14 

$2472K 

10% 

F-15 

Log 

No 

.92 

.34 

1691 

38% 

Without 

Log 

Yes 

.99 

.14 

2274 

17% 

F-15 

Log 

No 

.96 

.26 

1509 

45% 

With  the  F-15A  in  the  sample,  we  see  that  first  flight  date 

2 

explains  7  percent  of  the  total  variance  (the  difference  in  R  for  the 
two  cases),  which  makes  time  seem  relatively  unimportant.  When  we 
consider  the  F-15A  estimates,  however,  we  see  that  the  percent 
residual  has  more  than  tripled.  Inasmuch  as  the  F-15A  is  our  best 
indicator  of  current  technology,  we  were  concerned  that  it  might  be  an 
"outlier"  in  the  sample,  that  is,  exceptionally  expensive.  The  second 
set  of  two  equations  summarized  in  Table  4  shows  that  time  is  an 
important  variable  even  without  the  F-15  and  that  the  F-15  is  fairly 
well  estimated  (17-percent  underestimate)  by  the  aircraft  empty  weight, 
first  flight  date,  all-weather  variables  equation  based  on  the 
remaining  eight  observations. 


I 
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Recommendations. 

Successful  use  of  the  equation  with  its  time  variable  depends  on 
an  appropriate  evaluation  of  the  technology  involved.  There  are 
several  approaches  which  can  be  taken  in  dealing  with  this  technology 
assessment  problem.  The  first  would  be  to  deal  with  the  new  aircraft 
"as  if"  it  incorporated  F-15A  level  technology.  This  would  involve 
substituting  "l0"(72-62)  for  the  first  flight  date  and  would  result 
in  the  following  equation: 

1.44  1.41  ALLWTHR 
COST  =5.60  WEIGHT  e 

Since  this  clearly  underestimates  the  F-15A,  an  F-15A  "technology 
year"  of  1973.4  (11.4)  can  be  calculated  by  solving  the  estimating 
relationships  for  FSTFLT  given  F-15A  actual  cost;  an  F- 15A-benchmarked 
equation  is  obtained: 

1.44  1.41  ALLWTHR 
COST  =6.81  WEIGHT  e 

Pushing  the  constant  term  beyond  this  level  requires  careful 
consideration  of  many  subjects.  Obviously  the  trends  in  avionics 
technology  are  most  important,  and  analogies  drawn  from,  for  instance, 
the  F-4,  F-15,  and  the  planned  aircraft  for  which  an  estimate  is 
required  may  offer  some  hint  at  the  years  of  technology  progress 
expected. 

Other  factors,  usually  apprised  judgmentally ,  are  likely  to  have 
important  implications  for  avionics  cost  estimating,  however.  These 
include  such  topics  as  suites  that  are  limited  by  cost  constraints 
rather  than  performance,  quantity-quality  tradeoffs,  future  threat 
assessments,  offensive  versus  defensive  avionics  technologies,  and  the 
likelihood  that  the  avionics  industry  will  change  from  a  technology 
orientation  toward  producibility . 
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Of  course,  an  estimating  equation  essentially  reflects  the  data 
within  the  sample  from  which  it  is  derived.  Aircraft  empty  weight 
extrapolations  are  uncertain  at  best  and  extrapolations  based  on  time 
are  even  more  prone  to  unsatisfactory  outcomes.  And  while  most  future 
aircraft  will  fall  within  the  weight  range  of  our  sample,  none  will 
fall  within  the  time  range. 

Care  must  also  be  taken  when  comparing  aircraft  concepts.  The 
equation  in  Table  3  presumes  a  relationship  between  aircraft  size  and 
the  amount  of  avionics  that  would  be  installed.  When  planning 
aircraft  systems,  less  aircraft  weight  would  imply  less  avionics  cost 
and  less  avionics  capability.  If  equal  capability  between  different 
sized  aircraft  is  assumed,  an  adjustment  would  be  required  to  make 
the  suite  of  the  smaller  aircraft  at  least  as  expensive  as  the  larger 
aircraft  (probably  more  so  because  of  miniaturization  and  integration 
problems) . 

ESTIMATING  WITH  AVIONICS  CHARACTERISTICS 

Our  results  using  avionics  suite  technical  characteristics  are 
very  similar  to  those  obtained  with  aircraft  characteristics.  Here  we 
discuss  the  data  and  adjustments  before  developing  cost  estimating 
relationships  based  on  the  weight,  volume,  and  power  of  the  avionics 
suite.  We  present  relationships  for  all  three  variables  because  our 
interviews  with  cost  estimators  indicated  a  need  for  them.  In 
addition,  they  provide  an  opportunity  for  cross -correlation  and 
comparison  of  estimates. 
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Data. 

Table  5  lists  cost  and  technical  data  for  the  seventeen  aircraft 
in  our  sample.  Three  different  costs  are  shown  for  each  aircraft, 
corresponding  to  the  matched  set  of  cost  and  technical  characteristics 
for  the  avionics  systems  within  each  suite.  Avionics  systems  with 
missing  values  were  eliminated  in  Table  5.  The  missing  values  appear 
to  be  randomly  distributed  and  there  should  be  no  bias  in  estimating 
equations  derived  from  these  data  sets. 

Table  5 

AVIONICS  SUITE  COST  AND  TECHNICAL  DATA 


Weight  Volume  Power 


Aircraft 

Pounds 

Cost3 

In.3 

Cost3 

VAb 

Cost3 

A-4M 

(25)C 

839.9(23)d 

$462.5 

27554(18)d 

$378.2 

6937 (14)d 

$332.7 

A-6E 

(29) 

1735.1(25) 

1674.8 

34654(18) 

853.3 

6368(14) 

679.9 

A-7D 

(23) 

1120.7(18) 

844.3 

43298(13) 

696.4 

10541  (7) 

465.5 

A-7E 

(29) 

1439.9(25) 

1056.5 

51298(17) 

889.9 

8300(12) 

538.9 

A-10A 

(17) 

583.7(15) 

369.9 

14586(14) 

288.4 

3070(14) 

288.4 

F-4C 

(15) 

1803.0(11) 

646.2 

48838(10) 

538.9 

11991  (9) 

524.8 

F-4D 

(19) 

1741.0(13) 

729.5 

51424(12) 

622.2 

8237  (8) 

393.9 

F-4E 

(17) 

1247.0(11) 

721.8 

41314(10) 

690.7 

5237  (8) 

572.6 

F-4J 

(23) 

2249.4(23) 

1523.8 

59929(16) 

1397.7 

19369(11) 

1066.2 

F-5E 

(8) 

168.7  (5) 

100.8 

7673  (5) 

100.8 

1030  (4) 

94.4 

F-14A 

(35) 

2198.8(29) 

2579.5 

64841(24) 

2519.4 

29401(18) 

2050.2 

F-15A 

(33) 

1579.9(24) 

2488.0 

50820(24) 

2488.0 

22497(23) 

2486.6 

F-111A 

(17) 

1774.0(15) 

1669.1 

53547(12) 

1382.9 

5621  (9) 

732.9 

F-111D 

(21) 

2354.0(18) 

3563.6 

55503(13) 

1674.2 

13529(11) 

1939.3 

F-111E 

(18) 

2174.0(16) 

2112.3 

67371(13) 

1826.1 

8926(10) 

755.4 

F-111F 

(18) 

2057.0(16) 

2148.0 

64676(13) 

1861.8 

8926(10) 

722.5 

FB-111A(22) 

2503.0(20) 

2737.9 

81871(16) 

2252.9 

7856(10) 

904.0 

aThousands  of  FY78  dollars. 

bInput  power  requirement  of  the  avionics  suite  in  volt-amperes. 
cNumber  of  systems  in  the  total  suite. 

J 

°Number  of  systems  for  which  data  were  available. 
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Adjustments 

Unlike  the  aircraft  characteristic  case,  we  did  not  find  it 
necessary  here  to  average  observations  for  multiseries  aircraft.  The 
suites  of  the  multiseries  aircraft  are  sufficiently  different  from 
one  another  that  their  costs  may  reasonably  be  assumed  to  reflect  cost 
differences  as  a  function  of  size. 

Regression  Analysis 

The  approach  taken  with  the  avionics  explanatory  variables 
matches  that  taken  with  the  aircraft  explanatory  variables.  Only  the 
size  variables  of  Table  2  change  in  the  cases  that  follow.  Because 
of  the  correlation  among  the  variables,  no  equations  were  developed 
using  more  than  one  size  variable.  The  three  cases  that  follow  are 
sequenced  in  order  of  descending  completeness  in  the  data  base:  weight, 
volume,  then  power.  The  results  for  the  power  variable  case  should  be 
given  less  consideration  than  the  other  two  cases  because  of  the 
excessive  sparseness  of  the  power  variable  data  set. 
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Estimating  with  Avionics  Suite  Weight 

Figure  2  shows  the  plot  of  suite  cost  versus  suite  weight  for  the 
aircraft  in  the  sample.  An  increasing  curvilinear  trend  (indicating 
that  cost  per  pound  increases  with  weight)  with  significant  scatter 
can  be  seen.  Of  particular  interest  is  the  placement  of  the  F-4C,  D, 

J  and  the  F-15A;  they  deviate  from  the  norm  in  a  way  that  suggests  a 
time  influence. 


I 

JSC  3- 


. J . I . . 1 . . 1 - - I 
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1503- 


f-  1 1 1F  *  *  F-1  lit 


A-tot  *•  1-1114 


*  F-4J  - 


100  0- 
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•  4-411 


*  4-104 


I*  ?-5; 

. I . —  I . I . 1 . 1 
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50  0 


1003  1500 

Avionics  Suite  Weight  (lb) 


200C 


Fig. 2 — Suite  cost  versus  avionics  suite  weight 
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Figure  3  directly  considers  the  influence  of  time.  There  we  see 
cost  per  pound  for  the  suites  plotted  against  first  flight  date. 

Cost  per  pound  should  increase  with  suite  weight  (the  trend  shown  in 
Fig.  2),  but  we  can  still  observe  a  significant  relationship  between 
cost  per  pound  and  time  for  the  majority  of  the  sample.  The  distant 
points  in  the  latter,  however,  are  the  most  interesting  cases. 


Suite  j 
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Fig.  3 — Avionics  suite  cost  per  pound  versus  first  flight  date 
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The  F-111A  and  D,  even  after  accounting  for  their  relatively 
heavy  suites,  appear  to  have  been  built  "before  their  time."  Inasmuch 
as  they  were  both  technically  ambitious  and  troubled  by  development 
problems,  their  placement  on  the  plot  is  understandable.  Of  greater 
importance  to  the  regression  analysis,  however,  is  whether  they  are 
representative  of  future  avionics  suite  acquisition  or  merely 
represent  atypical  cost  outcomes.  We  first  include  and  then  exclude 
the  F-111A  and  D  to  determine  their  overall  affect  on  our  analysis. 

The  A-10A  and  F-5E  are  explained  both  by  their  light-weight  suites 
and  their  lack  of  all-weather  capabilities.  The  A-4M,  however,  is 
less  well  explained.  Two  factors  seem  to  contribute  to  its  low 
cost  per  pound.  These  are  minimal  all-weather  capability  (it  does  not 
carry  an  inertial  navigation  system)  and  inheritance  from  earlier  A-4 
models.  Rather  than  trying  to  adjust  the  A-4M  first  flight  date  or 
developing  another  measure  of  mission  capability  (see  Table  2),  we 
retained  the  A-4M  as  given,  to  represent  the  diversity  of  suite 
composition. 

Regression  Analysis.  Based  on  the  above  review  of  the  data, 
log-cost  was  regressed  on  log-weight,  first  flight  date,  and 
all-weather  capability.  All-weather  capability  proved  to  be 
insignificant,  probably  because  lack  of  the  capability  was  implied 
by  the  suite  weight.  The  adjusted  regression  equation,  statistics, 
data,  and  results  are  shown  in  Table  6.  There  we  see  that  a  doubling 
of  suite  weight  will  increase  cost  by  a  2-2/3  multiple  and  that  suite 
cost  has  been  increasing  at  about  12  percent  per  year  (for  a  constant 
suite  weight). 
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Table  6 

REGRESSION  EQUATION,  DATA,  AND  RESULTS  FOR 
AVIONICS  SUITE  WEIGHT  CASE 


luation 


COST 


.019  WEIGHT 


1.42  .11  FSTFLT 

(  .01?  (  .01) 


Where:  COST  =  avionics  suite  cost  adjusted  for  weight  data  ($K-78) 
FSTFLT  =  aircraft  first  flight  date  minus  62 
WEIGHT  =  avionics  suite  weight  (lb) 


Statistics3 


R2  - 

■  .92  SEE 

=  .28  F 

=  78, 

Significant  at  <  1% 

Data  and 

Results 

COST 

M 

Aircraft 

WEIGHT 

FSTFLT  +62 

Cost 

Estimate 

Residual 

A-4M 

840 

70 

$  462  K- 

•78  $651K-78 

$  -189K-78 

41 

A-6E 

1735 

70 

1675 

1823 

-148 

9 

A-7D 

1121 

68 

844 

787 

57 

7 

A-7E 

1440 

68 

1056 

1123 

-  67 

6 

A-10A 

584 

72 

370 

484 

-114 

31 

F-4C 

1803 

63 

646 

891 

-245 

38 

F-4D 

1741 

65 

730 

1057 

-327 

45 

F-4E 

1247 

67 

722 

820 

-  98 

14 

F-4J 

2249 

66 

1524 

1697 

-173 

11 

F-5E 

169 

72 

101 

83 

18 

18 

F-14A 

2199 

70 

2580 

2552 

28 

1 

F-15A 

1580 

72 

2488 

1989 

499 

20 

F-111A 

1774 

64 

1669 

972 

697 

42 

F-111D 

2354 

68 

3564 

2256 

1308 

37 

F-111E 

2174 

69 

2112 

2249 

-137 

7 

F-111F 

2057 

71 

2148 

2591 

-443 

21 

FB-111A 

2503 

70 

2738 

3067 

-329 

12 

aBased  on  logarithmic  model  form. 
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The  statistics  of  the  equation  show  significance  in  all  aspects, 
but  are  less  impressive  than  those  of  the  aircraft  characteristic 
case.  This  is  most  likely  due  to  the  averaging  that  was  done  in  the 
aircraft  case.  Percentage  residuals  exceed  25  percent  for  six  aircraft: 


A-4M 

-38  percent 

A-10A 

-28 

F-4C 

-36 

F-4D 

-42 

F-111A 

43 

F-111D 

38 

The  F-111A  and  D  and  A-4M  errors  are  consistent  with  our  previous 
discussion  of  those  suites.  In  the  case  of  the  F-4C  and  D  we  suspect 
that  their  use  of  a  significant  proportion  of  vacuum-tube  technology 
and  excessive  sparseness  of  the  data  sets  may  account  for  some  portion 
or  these  errors.  Of  course,  the  presence  of  the  F-111A  and  D  in  the 
sample  does  not  help  to  explain  the  costs  of  these  earlier,  less 
expensive  suites  of  the  F-4C  and  D.  In  the  case  of  the  A-10A,  our 
overestimate  is  probably  due  to  the  A-10's  use  of  mature  avionics 
technology,  which  would  make  the  first  flight  data  a  poor  proxy  for  a 
technology  date. 

Because  of  our  concern  with  the  F-111A  and  D  suite  costs,  we 
refit  the  equation  on  15  aircraft  with  the  following  results: 

1.40  .14  FSTFLT 

COST  =  .016  WEIGHT  e 

The  weight  exponent  is  slightly  smaller  and  the  effect  of  time  changes 
from  12  percent  to  15  percent  per  year.  The  residuals  pattern  also 
is  different:  the  A-4M  is  slightly  better,  the  A-10A  is  slightly 
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worse,  and  the  F-4C  and  D  are  much  better.  The  net  effect  of 
modifying  the  sample  is  to  emphasize  the  effect  of  the  time  variable. 
Because  it  is  difficult  to  establish  the  proper  technology  date  for 
future  aircraft,  we  prefer  the  equation  based  on  the  full  sample. 

Recommendations ■  The  relationships  obtained  with  avionics 
characteristics  should  be  treated  similarly  to  those  obtained  in  the 
aircraft  characteristics  case.  If  the  user  believes  that  the  F-15A 
is  the  most  appropriate  technological  benchmark  for  estimating  future 
combat  avionics  suite  costs,  the  estimating  equation  can  be  pinned  to 
that  aircraft.  Either  first  flight  date  or  cost  may  be  fixed.  Or 
the  equation  may  be  used  as  is  with  proper  analysis  and  selection  of 
the  first  flight  date  as  related  to  the  status  of  avionics  technology. 
Equations  for  the  F-15A  related  cases  are  as  follows: 

1.42 

Time  fixed:  COST  =  .057  WEIGHT  (using  F-15  FFD  =  1972) 

1.42 

Cost  fixed:  COST  =  .071  WEIGHT  (technology  year  =  1974) 
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Estimating  with  Avionics  Suite-Volume 

Our  approach  here  (and  with  respect  to  suite-power)  is  strictly 
analogous  to  the  suite-weight  case.  Figure  4  shows  the  plot  of  suite 
cost  versus  suite-volume.  Comparison  to  the  weight  plot  shows  a 
similarity  in  pattern,  but  with  much  changing  of  position  for  the 
individual  suites.  Regression  of  log-cost  on  log-volume  and  first 
flight  produced  the  estimating  relationship  shown  with  the  applicable 
statistics,  data,  and  results  in  Table  7. 


Suite 

Cost 

($K-78) 


250  J- 


-I . I . 1 . 1- . 


I . I 

•  F-I5A 


. I . I" 

*r-  14  A 


2000- 


150  J- 


FB-111A  *| 


F-II1F  •  •  F-11 IE 
•  F-l  1  It 


F-  I  I1A  *  *  F-4J 


*000- 


500- 


*  A-7E 


•A-6E 

F-4Z  •  *  A-7D 


*  A-4S 


*  F-4D 
♦  F-4C 


«  A-10A 


I*  F -si: 

—  I . I . I . I . I . I" 

1 C  20  30  40  50  60 

Avionics  Suite  Volume  (K  cu  in.) 


Fig.  4 — Suite  cost  versus  avionics  suite  volume 
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Table  7 


REGRESSION  EQUATION,  DATA,  AND  RESULTS  FOR 
AVIONICS  SUITE  VOLUME  CASE 


Equat Ion 
COST 

Where: 

Statistics 


VOLUME1*52  e*11  FSTFLT 

(.01)  (.01) 

COST  =  estimated  suite  cost  adjusted  for  volume  data  (K-78) 
VOLUME  =  avionics  suite  volume  (K-in. 3 ) 

FSTFLT  =  aircraft  first  flight  data  minus  62 


R2  = 

.  91  SEE  = 

.28  F 

*  72,  Significant  at  < 

1% 

Data  and 

Results 

COST 

M 

Aircraft 

VOLUME 

FSTFLT 

+62  Cost 

Estimated 

Residual 

A-4M 

27.6  K-in.3 

70 

$  378K-78 

$  590  K-78 

$-  12  K-78 

56 

A-6E 

34.7 

70 

853 

836 

17 

2 

A-7D 

43.3 

68 

696 

939 

-243 

35 

A-7E 

51.3 

68 

890 

1215 

-325 

37 

A-10A 

14.6 

72 

288 

279 

9 

3 

F-4C 

48.8 

63 

539 

650 

-111 

21 

F-4D 

51.4 

65 

622 

876 

-254 

41 

F-4E 

41.3 

67 

691 

783 

-92 

13 

F-4J 

59.9 

66 

1398 

1234 

164 

12 

F-5E 

7.7 

72 

101 

106 

-5 

5 

F-14A 

64.8 

70 

2519 

2160 

359 

14 

F-15A 

50.8 

72 

2488 

1859 

629 

25 

F-111A 

53.5 

64 

1383 

834 

549 

40 

F-111D 

55.5 

68 

1674 

1370 

304 

18 

F-111E 

67.4 

69 

1826 

2054 

-228 

12 

F-111F 

64.7 

71 

1862 

2405 

-543 

29 

FB-111A 

81.9 

70 

2253 

3083 

-830 

37 

Based  on  logarithmic  model  form. 


In  comparing  the  weight  and  volume  cases,  we  see  similar 
statistics  and  precision.  There  is  some  movement  in  error  by  aircraft 
(e.g.,  the  A-10A  improves  while  the  A-7s  worsen),  but  the  general 
level  of  precision  remains  about  the  same.  In  particular,  the 
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percentage  error  for  the  F-15A  only  increases  by  5  percent  (20  percent 
versus  25  percent). 

Recommendations .  As  before,  care  must  be  taken  in  applying  the 
time  variable.  The  equation  forms  for  F-15  time-  and  cost-constrained 
estimators  are  as  follows: 

1.52 

Time  fixed:  COST  =4.75  VOLUME 

1.52 

Cost  fixed:  COST  =6.32  VOLUME 

(Technology  year  =  74.6) 

Estimating  with  Avionics  Suite  Power 

As  noted  before,  data  for  the  power  variable  are  very  sparse  for 
many  of  the  suites  in  our  sample  and  the  following  results  must  be 
viewed  with  caution.  Figure  5  contains  a  plot  of  the  data.  The 
scatter  is  quite  different  from  that  seen  for  weight  and  volume, 
especially  regarding  evidence  of  technological  (time)  effects.  The 
plot  confirms  that  power  is  a  measure  of  size  and  hence  cost,  but  the 
dispersion  is  large.  We  proceeded  with  regression  analysis  under  the 
assumption  that  the  errors  in  the  data  were  contributing  to  dispersion 
without  bias;  that  is,  the  regression  equation  would  be  a  valid 
estimator  wen  if  its  statistics  were  poor. 

Regression  Analysis.  Table  8  contains  the  equation, 
statistics,  data,  and  results  for  the  suite-power  case.  The  mean  of 
the  absolute  percent  residuals  is  35  percent,  much  larger  than  the 
previous  cases  but  perhaps  acceptable  for  confirming  planning 
estimates.  The  important  thing  to  note  is  that  the  time  variable  is 
not  included;  it  was  significant  at  only  the  30-percent  level.  The 
power  exponent  also  indicates  economies  of  scale,  contrary  to  the 
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Fig.  5 — Suite  cost  versus  avionics  suite  power 


weight  and  volume  cases.  This  is  most  probably  a  reflection  of  the 
differing  power  consumption  requirements  of  the  various  types  of 
avionic^  equipments,  especially  the  major  emitters,  radar,  and  active 
electronic  countermeasures.  For  these,  power  output  can  exponentially 
increase  with  weight,  thus  explaining  the  reversal  in  scale  economies. 

In  the  absence  of  complete  suite  data  it  is  difficult  to  test  the 
consistency  of  the  three  estimators.  However,  the  parameters  of  the 
power  equation  are  very  significant,  and  the  relationship  should  not 
be  dismissed  out  of  hand. 
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Table  8 

REGRESSION  EQUATION,  DATA,  AND  RESULTS  FOR 
AVIONICS  SUITE  POWER  CASE 


Eauation 

'  OQ 

COST  =  107.66  POWER* 

(.01) 

Where:  COST  =  avionics  suite  cost  adjusted  for  power  data  ($K-78) 

POWER  =  sum  of  system  power  requirements  (kilovoltamperes) 


a 

Statistics 

r2  =  .77  SEE  =  .40 


Data  and 

Results 

Aircraft 

POWER 

Cost 

A-4M 

6.9  KVA 

$333K- 

A-6E 

6.4 

680 

A-7D 

10.5 

466 

A-7E 

8.3 

539 

A-10A 

3.1 

288 

F-4C 

12.0 

525 

F-4D 

8.2 

394 

F-4E 

5.3 

573 

F-4J 

19.4 

1066 

F-5E 

1.0 

94 

F-14A 

29.4 

2050 

F-15A 

22.5 

2487 

F-111A 

5.6 

733 

F-111D 

13.5 

1939 

F-111E 

8.9 

755 

F-111F 

8.9 

722 

FB-111A 

7.9 

904 

'  =  49, 

Significant 

at  <  1% 

COST 

Estimate 

Residual 

ill 

$601K-78 

-$268K-78 

80 

562 

118 

17 

873 

-407 

87 

708 

-169 

31 

295 

-7 

2 

983 

-458 

87 

700 

-306 

78 

475 

98 

17 

1507 

-441 

41 

108 

-14 

15 

2182 

-132 

6 

1720 

767 

31 

499 

234 

32 

1092 

847 

44 

753 

2 

1 

753 

-31 

4 

678 

226 

25 

aBased  on  logarithmic  model  form. 
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IV.  SYSTEM  LEVEL  COST  ESTIMATING 


In  this  section  we  address  cost  estimating  at  the  system  (or  "AN" 
or  "black  box")  level.  Technical,  descriptive,  and  manufacturer's 
data  for  the  systems  in  our  sample  are  given  in  Appendix  B.  Cost  data 
have  been  withheld  because  of  proprietary  considerations. 

Our  objective  was  to  assess  the  suitability  of  easily  obtainable 
technical  variables  for  cost  estimating  relationships.  As  such,  with 
one  exception  (the  radar  group),  we  used  all  the  available  data. 

That  is,  we  did  not  eliminate  "outliers"  in  the  samples  as  is  often 
done  when  there  exist  strong  expectations  of  a  particular  equation 
form.  Rather  we  fitted  log-linear  equation  forms  to  the  data  and 
report  all  results,  regardless  of  significance,  in  order  to  fully 
express  the  information  in  the  data  base. 

In  the  following  discussion,  we  detail  our  approach,  present 
results  for  samples  consisting  of  all  systems  and  11  functional  groups, 
and  discuss  these  results  in  comparison  with  available  cost-per-pound 
data . 

APPROACH 

At  the  system  level,  we  deal  only  with  systems  for  which  cost 
data  could  be  calculated  at  the  100th  unit;  that  is,  systems  for  which 
we  had  several  lot  quantities  and  costs  (comparable  information  from 
the  manufacturer)  and  could  estimate  the  learning  curve.  On  systems 
for  which  we  had  only  one  lot  average,  presumably  the  last  lot,  we 
chose  not  to  artificially  adjust  the  data  through  the  use  of  an 
assumed  total  quantity  and  average  learning  curve.  The  variation  in 
these  measures  was  found  to  be  large,  so  that  error  introduced  by 


the  adjustment  would  produce  misleading  results.  For  example,  for  the 
entire  data  base  the  average  learning  curve  is  92.1  percent,  with  a 
standard  deviation  (o)  of  9.7  percent.  At  the  100th  unit  the  one-a 
adjustment  ranges  from  27.6  percent  to  112.6  percent  of  the  first  unit 
cost.  This  is  comparable  to  57.9  percent  of  the  first  unit  cost  at  the 
mean  learning  curve  value.  Only  in  the  case  of  the  Optical  Systems 
functional  group  (discussed  below)  did  we  make  a  gross  adjustment  of 
last  lot  average  data  (in  the  interest  of  completeness). 

Cases 

We  have  12  separate  cases  for  analysis  at  the  system  level. 

These  consist  of  all  equipment  and  the  following  11  functional 
subgroups : 

Active  Electronic  Countermeasures 

Computers 

Displays 

Electromechanical  Devices 
Inertial  Systems 
Optical  Systems 

Passive  Electronic  Countermeasures 
Radars 

Radar  Navigation 
Radio  Communication 


Radio  Navigation 
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In  Appendix  B,  two  other  groups  are  listed  which  are  not  included 
here:  Power  Management  (sample  size  too  small  to  permit  analysis)  and 
Miscellaneous  (no  basis  for  analysis).  We  selected  functional  groups 
in  line  with  our  expectations  about  cost.  The  nature  and  function  of 
major  componentry  within  each  system  determined  the  group  assignment. 
Thus,  the  Optical  Systems  group  contains  systems  ranging  from  sights 
to  infrared  sensors  to  laser  designators,  while  the  Inertial  Systems 
group  ranges  from  simple  attitude  reference  indicators  to  complete 
inertial  navigation  systems.  Our  intent  was  to  establish  groups,  such 
that  the  size  variables  could  be  expected  to  reflect  the  cost  of  a 
homogeneous  type  of  componentry.  As  a  result  these  groups  are 
functional  in  an  equipment  sense  rather  than  in  an  aircraft  mission 
sense  (e.g. ,  "navigation"  or  "target  acquisition"). 

Explanatory  Variables 

The  size  variables  used  here  are  similar  to  those  in  the  suite 
analyses:  weight,  volume,  and  power.  More  detailed  measures,  such  as 
piece-part  count,  were  not  available  to  us  and  do  not  fit  our 
objective  of  providing  an  estimating  capability  useable  early  in 
system  planning.  We  did  not,  however,  use  time  as  a  proxy  for 
technology  in  analyzing  the  systems.  As  noted  in  Section  II,  we  used 
technology  categories  to  try  to  isolate  cost  differences  due  to 
technology.  The  systems  were  assigned  to  "Vacuum  Tube,"  "Solid  State," 
or  "Integrated  Circuit"  technology  groups.  This  categorization  is  not 
complete,  and  many  systems  built  with  components  from  different 
categories  could  arguably  be  assigned  to  more  than  one  of  the  above 
groups.  We  preferred  to  restrict  the  categories  to  three  and  assign 
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systems  as  best  we  could  rather  than  increase  the  number  of  dummy 
variables  used  on  our  already  limited  samples.  A  major  advantage  in 
using  technological  categories  is  the  avoidance  of  the  difficulties 
associated  with  using  time  as  a  variable. 

Regression  Analysis  Format 

In  each  of  the  12  cases  we  present  up  to  six  regressions:  three 
for  the  size  variables  alone  and  three  with  technology  added.  The 
equation  forms,  consistent  with  the  expectation  of  economies  of  scale 
with  respect  to  size,  were  logarithmic- linear  in  cost  and  size;  for 
the  technology  forms  two  of  the  three  dummy  variables  were  included  as 
linear  additions.  A  successful  technology  regression  generates  three 
parallel  lines  on  logarithmic  graph  paper,  one  for  each  technology 
level . 

RESULTS 

In  the  following  discussion  we  describe  the  sample  and  examine  the 
regression  results  for  the  12  cases  previously  defined.  We  also 
describe  the  Power  Management  group.  All  regression  results  are 
included,  regardless  of  their  significance,  in  order  to  more  completely 
describe  the  data;  thus  the  parameter  and  equation  significance  should 
be  carefully  noted. 

In,  Tables  9  through  20,  the  following  information  applies: 

o  Weight  is  in  pounds . 

o  Volume  is  in  cubic  inches. 

o  Input  power  is  in  voltamperes. 

o  SOLID  is  the  dummy  variable  for  Solid  State  circuitry 
(yes  =  1 ,  no  =  0) . 
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o  INTGRTD  is  the  dummy  variable  for  integrated  circuitry 
(yes  =  1,  no  =  0) 

o  Cost  is  in  thousands  of  fiscal  year  1978  dollars. 

2 

o  R  is  the  coefficient  of  determination  of  the  logarithmic 
estimate. 

o  SEE  is  the  standard  error  of  the  logarithmic  estimate. 

o  The  equation  significance  level  results  from  evaluation  of 

the  F-statistic  for  logarithmic  estimates. 

o  Parameter  significance  level  is  shown  in  parentheses  below 
the  estimate  and  was  derived  from  a  one-tailed  t-test. 

2 

o  Conversion  to  power  form  includes  the  adjustment  SEE  /2 
added  to  the  log  constant  term. 

All  Systems  Case 

Table  9  displays  the  six  equations  generated  for  the  All  Systems 
case.  All  six  equations  are  significant  at  the  1-percent  level,  and 
all  reflect  economies  of  scale  relative  to  the  size  variable.  The 
addition  of  the  technology  variables  affects  the  constant  and  size 
exponent  in  each  case,  but  the  technology  coefficients  are  not  as 
significant  in  the  weight  and  volume  cases.  The  effect  of  the 
technology  variables  ranges  from  a  43-percent  increase  in  the  case  of 
weight  and  solid  state  to  a  tripling  of  cost  in  the  case  of  volume  and 
integrated  circuitry.  The  standard  errors  shown  are  quite  large;  the 
averages  range  from  84  percent  to  107  percent.  These  estimators  have 
limited  utility,  except  as  possible  independent  checks  of  estimates 
prepared  by  other  means. 
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Table  9 

ALL  SYSTEMS  CASE  REGRESSION  RESULTS 


b 

Equation 

Adjusted* 

R2 

SEE 

Signif¬ 

icance 

Sample 

Size 

1.33  Weight'97 
(.01) 

.72 

.81 

.01 

111 

1.09  Weight'94  e<-36SOLID  +  '76INTGRTD) 
(.01.)  (.10)  (.01) 

.73 

.76 

.01 

80 

.20  Volume-77 

(.01) 

.66 

.85 

.01 

97 

,  .78  (.53S0LID  +  1.10IHTGRTD) 

. 11  Volume  e 

(.01)  (.05)  (.01) 

.67 

.82 

.01 

73 

1.83  Power-66 
(.01) 

.59 

.93 

.01 

84 

„  „  .69  ( . 68S0L1D  +  . 79INTGRTD) 

.  85  Power  e  ' 

(.01)  (.01)  (.01) 

.70 

.78 

.01 

63 

aIn  all  systems  level  equations: 
Height  is  in  pounds. 

Volume  is  in  cubic  inches. 
Power  is  in  voltamperes. 

bAdjusted  for  degrees  of  freedom. 


The  results  obtained  here  led  us  to  conclude  that  all  avionics 
equipment  is  not  homogeneous  and  that  better  results  might  be  obtained 
by  grouping  equipment  in  accordance  with  function,  as  explained  below. 
Active  Electronic  Countermeasures  (ECM)  Case 

Active  ECM  systems  deliberately  prevent  or  reduce  an  opponent's 
effective  use  of  the  electromagnetic  spectrum  by  jamming  and 
deception.  Functions  may  include  detection,  processing,  and  wave 
forming;  they  always  include  signal  emission.  A  more  complete 
understanding  of  our  definition  of  this  group  (and  the  other  groups) 
can  be  obtained  by  reviewing  the  group  members  listed  in  Appendix  B. 
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Table  10  lists  our  regression  results  for  Active  ECM.  Shown  here 

are  the  six  regression  equations  and  their  statistics,  followed  by  a 

residual  chart  for  the  weight-only  equation.  The  residuals  are  shown 

by  a  "W"  under  broad  percentage  categories  with  positive  (+)  and 

negative  (-)  signs  indicated.  The  more  ”Ws"  to  the  left  of  the  chart, 

the  better  the  fit  of  the  equation.  Only  the  power-technology  case  is 

not  significant  at  the  10-percent  level.  All  three  technology  cases 

2 

produced  insignificant  coefficients.  The  improvement  in  R  and  SEE 
is  probably  due  to  the  increase  in  the  number  of  independent  variables 
and  should  not  be  considered  important.  In  the  three  size  cases, 
weight  is  linear  (exponent  =  1.0),  while  volume  shows  increasing 
returns  to  scale  (but  exponent  nearly  1.0)  and  power  shows  marked 
decreasing  returns.  That  power  should  be  substantially  different  from 
weight  and  volume  is  reasonable,  since  Active  ECM  equipment  relies  on 
large  amounts  of  power  for  many  requirments.  The  standard  error 
results  tend  to  show  that  this  case  reflects  the  benefits  of 
homogeneity.  Average  error  here  ranges  from  64  percent  (power)  to  68 
percent  (weight)  for  the  size-only  cases. 

Computers 

We  viewed  a  computer  as  an  input -output  device  which  produces 
processed  information.  As  such,  we  included  analog  and  digital 
machines  within  our  sample.  On  the  surface,  this  seems  to  contradict 
our  goal  of  homogeneity,  but  there  was  no  evidence  in  the  data  to 
distinguish  the  one  type  from  the  other,  and  the  increased  sample  size 
was  beneficial  to  the  analysis. 
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Table  10 

ACTIVE  ELECTRONIC  COUNTERMEASURES  CASE 
REGRESSION  RESULTS 


I.  EQUATIONS 


Equation 

Adjusted 

R2 

SEE 

Signif-* 

icance 

Sample 

Size 

.82  Weight 

(.01) 

.49 

.64 

.05 

10 

.76  Weight-92  e(-27SOL1D 

+  .80INTGRTD) 

(.05)  (-) 

(.10) 

.51 

.60 

.10 

9 

1  02 

.02  Voli«e1,UZ 

(.01) 

.50 

.63 

.05 

10 

1.47  (-.50SOLID  +  . 88INTGRTD) 

.0003  Voluae  e 

(.05)  (-) 

(.05) 

.69 

.48 

.05 

9 

6.55  Power-4® 

(.05) 

.55 

.60 

.05 

8 

5.39  Power-49  e<-61S0LID 

-  . 16INTGRTD) 

(.05)  (-) 

(-) 

.56 

.59 

8 

II.  RESIDUALS  FOR  WEIGHT-ONLY  EQUATION 

Equipaent 

Residual  Percentages 

Designation 

0-25 

25  -  50 

50  - 

75  75  - 

100  100+ 

ALQ-41 

-W 

ALQ-51 

-  W 

ALQ-51A 

-W 

ALQ-88 

-W 

ALQ-92 

+W 

ALQ-94 

+w 

ALQ-100 

-w 

ALQ-126 

+w 

ALQ-128 

+w 

ALQ-1J5 

+w 

?A  algnlf icanca  level  designation  of  "  indicates  greater  then  10  percent . 
“Residual  percentages  calculated  as  ([actual  cost  ainus  estiaatad  coat]/ actual 
coat)  x  100.  Proprietary  reasons  aandated  the  use  of  ranges  rather  than  actual 
results.  A  indicates  a  positive  value  and  a  notes  a  negative  value. 
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Table  11  shows  the  regression  results  for  computers.  All 
equations  and  parameters  were  significant.  Average  standard  errors 
range  from  49  percent  (power-technology)  to  89  percent  (voltime  and 
power).  The  technology  variables  greatly  improve  each  of  the  three 
size  cases. 


Table  11 

COMPUTERS  CASE  REGRESSION  RESULTS 

I.  EQUATIONS 


Equation 

Adjusted 

R2 

SEE 

Signif¬ 

icance 

Sample 

Sire 

2.21  Weight'93 

(.01) 

.46 

.75 

.01 

17 

.17 

weight1' 22  ea'45SOLID 

♦  2.111NTClm>) 

(.01)  (.01) 

(.01) 

.72 

.52 

.01 

16 

.13 

Volume’ 

(.01) 

.42 

.80 

.01 

14 

.02 

„  .  .97  <1.61 SOLID  ♦ 

Volume  e 

2.10INTGRTD) 

(.01)  (.01) 

(.01) 

.68 

.56 

.01 

13 

6.69  Power* 

(.05) 

.23 

.80 

.05 

14 

.29 

Power'80  ♦ 

1.89INTGRTD) 

(.01)  (.01)  ( 

.01) 

.70 

.47 

.01 

13 

II. 

RESIDUALS  FOR  WEIGHT -ONLY  EQUATION 

Equipment 

Designation  0-25 

N» 

1 

Ul 

O 

Residual  Percentages 

50  -  75  75  -  100 

100* 

AJB-3A 

-w 

AJB-7 

-w 

APA-157 

-V 

ASK-6 

-w 

ASN-39 

-w 

ASN-41 

-w 

SSN-91 

*W 

ASQ-61 

■fW 

ASQ-91 

-w 

ASQ-133 

-w 

ASQ-155 

+W 

AWC-9C0MP 

AYR- 6 

4W 

CP- 1005A 

-w 

CP-1035A 

-W 

CP-1075/AYK 

4W 

CSDC 

■fW 
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It  is  interesting  to  note  how  the  size  exponents  increase  when 
technology  is  controlled  for.  In  the  weight  case,  the  addition  of 
technology  generates  marked  increasing  returns  to  scale  relative  to 
weight.  The  reason  for  this  may  be  found  in  the  ratio  of  support 
componentry  (such  as  cabinetry  and  power  supplies)  to  computing 
componentry  as  the  system  grows  larger.  It  is  reasonable  to  expect 
that  the  cheaper  support  componentry  could  support  many  levels  of 
computing  componentry,  thus  explaining  the  increasing  returns. 

Displays 

In  this  group,  we  include  devices  designed  to  convert  electronic 
data  for  visual  display  to  the  aircrew.  Examples  include  head-up 
displays  and  horizontal  situation  indicators. 

Table  12  displays  the  regression  results  for  the  Displays  group. 
None  of  the  technology  equations  were  significant  at  the  10-percent 
level.  Missing  values  in  the  technology  data  were  a  major  reason  for 
this  (note  the  decreases  in  sample  size).  However,  the  size-only 
equations  produced  reasonably  good  results.  The  average  standard 
error  ranges  from  36  percent  to  56  percent,  indicating  that  the  affect 
of  technology  is  not  too  great  within  this  group. 
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Table  12 

DISPLAYS  CASE  REGRESSION  RESULTS 


I.  EQUATIONS 


Equation 

Adjusted 

R2 

SEE 

Signif¬ 

icance 

Sample 

Size 

1.20  Weight1-01 
(.01) 

.89 

.35 

.01 

12 

1.95  Weight-98  e<"35SOLID  -  .23INTGRTD) 
(.05)  (-)  (-) 

.83 

.51 

- 

6 

.13  Volume-81 
(.01) 

.87 

.41 

.01 

11 

.05  volume-96  e(-°2S°LID  +  -“INTGRTD) 
(.05)  (-)  (-) 

.96 

.28 

- 

5 

1.25  Power-20 
(.01) 

.79 

.53 

.01 

10 

20  Power1-03  e(-01SOUD  +  1-24INTCRTD) 
(.05)  (-)  (-) 

.96 

.27 

_ 

5 

II.  RESIDUALS  FOR  WEIGHT-ONLY  EQUATION 


Equipment  Residual  Percentages 

Designation  0-25  25-50  50  -  75  75  -  100  100+ 


AJN-18 

-W 

ARU-39/A 

-W 

ASA-79 

+« 

ASN-99 

AVA-1 

AVA-12 

+w 

AVQ-20 

+w 

C-9011 

+w 

Head-Up  DSPL 

ID-1744A 

+w 

0D-60/A 

-w 

TV  Monitor 
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Electromechanical  Devices 

This  group  is  primarily  composed  of  chaff/flare  dispensers  and 
weapons  controls.  An  emphasis  on  servomechanisms  and  loadbearing 
members  sets  this  equipment  apart  from  other  avionics  systems. 

Table  13  displays  the  results  of  three  size-only  regressions. 

The  samples  were  too  small  for  the  size-technology  formats.  We  note 
that  the  results  for  the  power  equation  are  relatively  good,  while  the 
weight  equation  is  especially  poor.  This  is  explained  if  we  can 
assume  that  input  power  predicts  the  amount  of  relatively  expensive 
electromechanical  componentry  in  a  system,  while  the  pure  mechanical 
componentry,  cheaper  but  heavier,  accounts  for  a  small  part  of  system 
cost.  A  review  of  the  data,  especially  the  contrast  between  weapons 
controls  and  flare/chaff  dispensers,  supports  these  assumptions. 

In  summary,  power  requirements  best  predict  the  cost  of  electro¬ 
mechanical  systems,  apparently  because  weight  (and  volume)  are  subject 
to  inexpensive,  but  nonetheless  major,  changes. 

Inertial  Systems 

Gyroscopic  componentry  is  the  unifying  thread  in  this  group. 
Inertial  navigation  systems  make  up  most  of  the  group,  but  attitude 
reference  equipment  is  included  as  well.  The  functions  performed 
include  inertial  sensing  of  acceleration  and  attitude  changes, 
coupled  with  electronic  transducers  and  processers  to  calculate 
navigation  and  position  information.  We  were  not  always  able  to 
separate  the  computer  used  in  inertial  navigation  from  the  other 
equipment.  We  believe,  however,  that  this  partial  mixing  of  groups 
does  not  bias  the  sample  significantly. 
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Table  13 

ELECTROMECHANICAL  DEVICES  CASE 
REGRESSION  RESULTS 


I.  EQUATIONS 


Equation 

Adjusted 

R2 

SEE 

Signif¬ 

icance 

Sample 

Size 

1  35 

.28  Weight 

(.10) 

.26 

1.20 

- 

6 

.0004  Volume1-57 
(.05) 

.56 

.92 

.10 

5 

.  79 

.92  Power 

(.01) 

.83 

.56 

.05 

5 

II.  RESIDUALS  FOR  WEIGHT-ONLY  EQUATION 

Equipment 

Designation  0-25 

Residual  Percentages 

25  -  50  50  -  75  75 

-  100 

100+ 

ALE-18 

-w 

ALE-29 

-w 

AWE-1 

-w 

AWG-15 

-W 

AWG-17 

+w 

AWG-20 

-W 
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Table  14  shows  our  results  for  five  of  the  six  equation  types; 

there  were  insufficient  degrees  of  freedom  in  the  power-technology 

case.  The  most  significant  results  can  be  seen  in  the 

weight-technology  and  power  cases,  but  the  small  sample  sizes  diminish 

their  credibility.  In  the  volume-technology  case,  the  marginal 

2 

significance  of  the  parameters  and  equation  brings  R  and  SEE  values 
into  question.  The  expononents  are  also  not  credible,  and  it  can 
be  assumed  that  these  equations  appear  to  have  no  estimating  utility. 

Table  14 

INERTIAL  SYSTEMS  CASE  REGRESSION  RESULTS 


Equation 

Adjusted 

R2 

SEE 

Signif¬ 

icance 

Sample 

Size 

1.10  Weight1-15 
(.01) 

.49 

.72 

.01 

11 

.001  Weight2-49  e<-42SOLID  +  1-85INTGRTD) 
(.01)  (.05)  (.01) 

.99+ 

.06 

.01 

6 

.11  Volume-91 
(.01) 

.57 

.61 

.05 

9 

.0004  Volume1-49  e(1-US°LID  +  1  •  57INTGRTD) 
(.05)  (.05)  (.05) 

.99 

.11 

.10 

5 

.02  Power1-51 
(.01) 

.96 

.17 

.05 

L 

II.  RESIDUALS  FOR  WEIGHT-ONLY  EQUATION 

Equipment  Residual  Percentages 

Designation  0-25  25-50  50  -  75  75 

-  100 

100+ 

AJN-16 

ASN-31 

-w 

+w 

ASN-48 

ASN-56 

-w 

-w 

ASN-63 

ASN-70 

ASN-90 

ASN-108 

-w 

-w 

-w 

ASN-109 

+w 

CN-1377/AWG 

LSI-6000A 

+w 

-w 
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Optical  Systems 

This  group  is  characterized  by  a  dependence  on  optical 
componentry  and  includes  optical  sights,  infrared  detectors,  and  laser 
designators.  Sixteen  systems  are  classified  in  this  group,  but  a 
100th  unit  cost  could  be  calculated  for  only  two  of  these  systems. 

In  order  to  present  some  indication  of  optical  system  costs,  we 
adjusted  the  data. 

Our  adjustment  procedure  is  based  on  the  entire  system- level  data 
base  and  assumes  that  last- lot-average  costs  (unused  elsewhere  at  the 
system  level)  tend  to  differ  from  100th  unit  costs  due  entirely  to 
their  unit  number.  Thus,  last-lot-average  costs  taken  at  the  50th 
unit  would  be  above  the  trend  relative  to  weight  of  the  100th  unit 
costs,  while  last-lot-average  costs  taken  beyond  the  100th  unit  would 
be  below  the  trend.  The  proper  adjustment,  then,  was  to  multiply  each 
last- lot-average  cost  by  the  quotient  of  the  100th  unit  cost  versus 
weight  regression  and  the  last- lot-average  cost  versus  weight 
regression.  The  data  for  the  optical  group  was  extracted  from 
this  adjusted  set  of  last -lot -average  costs.  Our  decision  to  restrict 
this  procedure  to  the  Optical  Systems  group,  where  it  was  needed  to 
obtain  any  results  at  all,  is  based  on  review  of  the  scatter  found  in 
the  All  Systems  case  and  the  fact  that  the  scatter  for  the  last-lot- 
average  regression  is  greater. 

The  Optical  Systems  group  results  are  shown  in  Table  15.  Even 
with  the  adjustment,  we  were  able  to  obtain  results  only  for  the  size 
variables.  The  power  equation  statistics  indicate  little  value  in  the 
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Table  15 

OPTICAL  SYSTEMS  CASE  REGRESSION  RESULTS 


I.  EQUATIONS 


Adjusted 

2 

Signif- 

Sample 

Equation 

R 

SEE  lcance 

Size 

4.52  Weight-81 

.63 

.72  .01 

9 

.69  Volume-88 

.71 

.60  .01 

7 

,  »  .49 

1.64  Power 

-.35 

.95 

4 

II.  RESIDUALS 

FOR  WEIGHT-ONLY  EQUATION 

Equipment 

Residual  Percentages 

Designation 

0-25 

25  -  50 

50  -  75 

75  -  100 

100+ 

AAA-4 

-W 

AAR-34 

-W 

AAS-35 

ALR-23 

-W 

-W 

ASX-1 

AVG-8 

+W 

-W 

AVQ-9 

AVQ-10 

AWG-91R 

+W 

-W 

+W 

NOTE:  Regressions  based  on  adjusted  last-lot-average  costs. 


results,  but  the  weight  and  volume  equations  offer  sone  hope  of 
utility .  However,  the  standard  errors  shown  are  considered 
optimistic  because  of  the  adjustments  discussed  above. 

Passive  Electronic  Countermeasures  (ECM) 

This  group  consists  of  equipment  which  detects  and  characterizes 
radar  and  ECM  threats  against  aircraft.  Excluded  are  gCM  emitters 
(assigned  to  Active  ECM)  and  infrared  warning  detectors  (assigned  to 
the  Optical  Systems  group) . 
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Table  16  displays  our  regression  results  for  Passive  ECM.  Only 
five  equations  are  shown;  the  sample  for  the  power-technology  case  was 
too  small  to  be  useful.  Of  the  five,  only  the  weight  and  volume  cases 
show  any  significance,  but  they  have  very  large  standard  errors.  The 
parameters  of  these  two  equations  are  reasonable,  however,  and  they 
may  have  some  value  as  rough  estimators. 


Table  16 

PASSIVE  ELECTRONIC  COUNTERMEASURES  CASE 
REGRESSION  RESULTS 


I.  EQUATIONS 


Equation 

Adjusted 

R2 

SEE 

Signif¬ 

icance 

Sample 

Size 

2.28  Weight'74 
(.05) 

.67 

.91 

.05 

6 

6.33  Weight'71  e<--08S0LID  +  -^INTGRTD) 
(-)  (-)  (-) 

-.03 

1.70 

- 

5 

1.02  Volume'53 
(.05) 

.42 

1.21 

.10 

6 

12.31  Volume'19  ed"0°S0LID  +  1.98INTGRTD) 
(-)  (-)  (-) 

-.44 

2.01 

- 

5 

57.98  Power'21 
(-) 

-.28 

1.99 

5 

II.  RESIDUALS  FOR  WEIGHT-ONLY  EQUATION 

Equipment 

Designation  0  .  25  25  - 

Residual  Percentages 

50  50  -  75  75  -  100 

100+ 

ALR-15  +W 

ALR-41 

ALR-56 

APR-25 

APR-27 

APS-107D 

+W 

-w 

-w 

-w 

-w 
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Power  Management 

This  group  consists  of  three  "Integrated  Electronic  Central" 
systems,  two  of  which  had  cost  data,  one  of  which  was  100th  unit  cost. 
Needless  to  say,  no  regression  analysis  was  possible.  We  retained 
these  three  systems  as  a  separate  group  because  it  is  reasonable  to 
expect  more  centralization  of  power  management  functions  in  future 
aircraft. 

Radars 

This  group  contains  radars  variously  designated  as 
terrain-following,  attack,  and  fire  control,  among  others.  Radars  are 
characterized  by  the  coordinated  emission  and  reception  of 
electromagnetic  radiation,  coupled  with  processing  required  to  generate 
useful  information. 

A  review  of  the  data  led  us  to  exclude  the  F- 11 ID's  APQ-130 
attack  radar  as  an  outlier.  The  acquisition  history  of  this  radar 
indicates  atypical  cost  outcomes  that  are  unlikely  to  be  repeated  in 
the  future.  Table  17  shows  regression  results  for  the  remaining 
radars . 

In  the  weight  cases  we  see  promising  statistics,  especially  for 
the  technology  case.  The  weight  exponent  is  nearly  1.0,  all 
parameters  are  highly  significant,  and  the  average  error  is  25  percent. 
The  volume-technology  and  both  power  cases  show  reasonbly  good  results 


as  well. 
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Table  17 

RADARS  CASE  REGRESSION  RESULTS 


I.  EQUATIONS 


Equation 

Adjusted 

R2 

SEE 

Signif¬ 

icance 

Sample 

Size 

.15  Weight1-26 
(.01) 

.79 

.46 

.01 

15 

.41  Weight1-02  „<-35SOLID  +  1.31IWTGRTD) 
(.01)  (.05)  (.01) 

.94 

.25 

.01 

11 

.02  Volume 

(.01) 

.35 

.82 

.05 

14 

...  „  ,  1.03  (1.26SOLID  +  2. 30INTGRTD) 

.004  Volume  e 

(.01)  (.01)  (.01) 

.85 

.41 

.01 

11 

.29  Power -fW 

(.01) 

.80 

.46 

.01 

14 

_  .75  ( . 44S0L1D  +  .41INTGRTD) 

.47  Power  ev 

(.01)  (.05)  (-) 

.82 

.45 

.01 

11 

II.  RESIDUALS  FOR  WEIGHT-ONLY  EQUATION 


Equipment  Residual  Percentages 


Designation 

0-25 

25  -  50 

50  -  75 

75  -  100 

lOOf 

APG-53 

-W 

APG-63 

+W 

APQ-72 

-W 

APQ-88 

-W 

APQ-92 

-W 

APQ-99 

-W 

APQ-113 

+v 

APQ-114 

-W 

APQ-116 

-w 

APQ-120 

-w 

APQ-128 

+W 

APQ-130 

+w * 

APQ-134 

+w 

APQ-153 

-w 

AWG-9RDR 

■H) 

AWC-10 

-W 

*Not  In  sample. 


► 


t 
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Radar  Navigation 

This  group  consists  of  low-power  radar  equipment  such  as  radar 
altimeters  and  doppler  radars  used  for  navigational  purposes. 

Table  18  shows  three  size-only  equations;  no  meaningful  results 
were  available  when  technology  variables  were  added.  The  volume 
equation  shows  the  best  statistics,  but  it  indicates  the  presence  of 
very  large  economies  of  scale.  The  weight  equation  exhibits  a  poorer 
fit  to  the  data  but  it  has  more  intuitive  appeal.  Little  can  be  said 
for  the  power  equation.  Considering  the  small  samples  for  this  group 
and  the  extremely  low  density  of  the  APN-122  (see  Appendix  B) ,  we 
consider  the  weight  equation  to  be  the  most  reliable  estimator. 


Table  18 

RADAR  NAVIGATION  CASE  REGRESSION  RESULTS 

X.  EQUATIONS 


Equation 

Adjusted 

R2  SEE 

Signif¬ 

icance 

Sample 

Size 

1.61  Weight-’2 
(.05) 

.54  .77 

.05 

7 

.68  Volume-51 
(.01) 

.73  .55 

.05 

6 

3.08  Power-52 
(-) 

-.18  1.30 

- 

5 

II.  RESIDUALS  FOR  WEICHT-OHLT  EQUATION 

Equlpaant 

Designation  0-25 

Residual  Percentagas 

25  -  50  50  -  75  75  -  100 

100+ 

APN-122 

APN-141  -W 

APN-153 

APR-154V 

APR-167 

APR-185 

APR-194 

-Hi 

-W 

-w 

-W 

-W 

-W 

f 


L 
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Radio  Communication 

This  group  assembles  several  similar  types  of  equipment: 
identif ication-friend-or-foe  (IFF)  transponders,  radio  transceivers 
(all  frequencies),  intercoms,  data  links,  etc.  Still,  because  of  the 
limited  availability  of  100th  unit  cost  data,  our  largest  sample 
contains  only  ten  data  points. 

Table  19  lists  the  results  for  the  three  size-only  cases.  The 
technology  cases  suffered  from  the  lack  of  integrated  circuitry 
observations.  None  of  the  three  size  equations  is  significant,  and 
the  exponents  shown  have  little  appeal.  The  data  offer  no  reasonable 
method  to  estimate  Radio  Communication  system  costs. 


Table  19 

RADIO  COMMUNICATION  CASE  REGRESSION  RESULTS 


I.  EQUATIONS 


Equation 

Adjusted 

R2 

SEE 

Signif¬ 

icance 

Sample 

Sice 

5.46  Weight'34 
(-) 

-.09 

1.12 

. 

10 

21.72  Volume"'08 
(-) 

-.15 

.58 

- 

8 

22.24  Power"'09 
(-) 

-.23 

.71 

- 

6 

II.  RESIDUALS  FOR  WEIGHT-ONLY  EQUATION 


Equipment 

Designation 

0-25 

Residual  Percentages 

25  -  50  50  -  75  75  -  100 

100+ 

AIC-14 

-w 

ARC-51 

-w 

ARC-51A 

-w 

ARC-109V 

-W 

ARR-69 

-W 

ARW-73 

-w 

ARV-77 

-W 

ASW-25 

-W 

MX-8811A 

-W 

MX-9147/APX 

■HI 

Radio  Navigation 


This  group  includes  LORAN,  TACAN,  direction  finders,  inscrument 
landing  systems,  and  similar  equipment.  All  systems  process  radio 
information  to  produce  navigation  information. 

Table  20  shows  four  equations,  two  of  which  (weight  and  volume) 
are  significant.  The  weight  equation  is  reasonable  and  its  statistics 
are  satisfactory,  but  its  standard  error  is  high.  However,  no  useful 
alternative  is  presented  in  the  results. 


Table  20 

RADIO  NAVIGATION  CASE  REGRESSION  RESULTS 


t.  EQUATIONS 


Equation 

Adjusted 

R2 

SEE 

Slgnlf- 

lcence 

Sss^le 

Size 

.67  Weight1,03 

(.01) 

.69 

.64 

.01 

8 

.20  Weight1,17  .a*1***®  + 

78INTGRTD) 

(-)  (-)  (-) 

.53 

.89 

5 

.16  Volume' 73 

(.05) 

.40 

.88 

.10 

7 

2.39  Power'41 

(.10) 

.37 

.68 

6 

II.  RESIDUALS  FOR  WEIGHT-ONLY  EQUATION 

Equipment 

Residual  Percentages 

Designation  0-25 

25  -  50 

50  -  75 

75  -  100 

1004- 

ARA-63 

-W 

ARN-52 

-w 

ARN-84 

+W 

ARN-86 

-W 

ARM-92 

4W 

ARM-112 

+W 

OA-8639/ARA  -V 

OA-8697/ARD 

-W 

DISCUSSION  OF  RESULTS 


The  statistical  measures  accompanying  the  cost  estimating 
relationships  developed  for  the  twelve  system- level  cases  provide  one 
indication  of  their  utility.  Another  evaluation  of  these  CERs  may  be 
obtained  by  comparing  them  to  a  popular  alternative  avionics 
estimating  technique:  the  use  of  average  cost -per -pound  factors.  In 
essence,  using  the  average  cost  per  pound  implies  a  linear 
relationship  between  cost  and  weight,  with  a  slope  equal  to  the  average 
cost  per  pound  and  intercept  at  the  origin.  The  accuracy  of  this 
estimator  is  indicated  by  its  standard  deviation  (a);  assuming  that 
cost-per-pound  observations  for  a  group  are  normally  distributed, 
a  one-o  band  about  the  average  theoretically  contains  68  percent  of 
the  observations. 

Cost-per-Pound  Comparisons 

Figure  6  is  presented  to  display  our  comparison  of  regression 
results  and  cost-per-pound  data  for  the  twelve  system- level  cases. 

The  rectangular  gridlike  figure  for  each  case  shows  the  average 
cost  per  pound  and  one-o  band  (taken  from  Appendix  B).  The  grid  is 
divided  into  four  columns  on  which  bars  are  plotted  showing  the 
weight-only  and  three  weight -and-technology  results  obtained 
previously.  The  endpoints  of  these  bars  were  calculated  by 
substituting  the  minimum  and  maximum  weight  values  for  the  particular 
group  without  regard  for  technology  level.  In  interpreting  Fig.  6  we 
look  at  a  bar  or  set  of  bars  in  relation  to  the  one-o  cost-per-pound 
range  and  consider  returns  to  scale  and  the  ordering  of  technology 
levels.  The  following  paragraphs  address  each  set  of  results: 
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All  Systems.  The  CERs  obtained  for  this  case  appear  reasonable 
relative  to  the  cost-per-pound  data,  and  the  set  of  technology 
equations  does  a  good  job  of  spanning  the  one-o  range.  Decreasing 
returns  to  scale  and  appropriate  ordering  of  the  technologies  are  also 
positive  aspects  of  the  case.  The  upward  bias  of  the  technology 
equations  reflects  the  positive  skewing  of  the  cost-per-pound 
distribution. 

Active  ECM.  The  technology  equations  for  this  case  show  the 
positive  attributes  mentioned  above.  The  weight-only  equation  has  an 
exponent  of  1.0,  leading  to  the  single  bar  plot.  It  is  not  surprising 
that  this  value  differs  from  the  average  cost  per  pound,  since  it  is 
the  quotient  of  mean  cost  and  mean  weight  rather  than  the  average  of 
the  individual  observation  quotients. 

Computers .  Here  we  see  an  adequate  weight-only  equation  and 
wide-ranging  technology  equations  reflecting  increasing  returns  to 
scale.  The  range  of  the  technology  equations  primarily  results  from 
using  vacuum  tube  type  weights  with  the  integrated  circuitry  equation 
and  vice  versa.  The  increasing  returns  to  scale  were  mentioned 
previously  and  are  a  cause  for  concern. 

Displays .  These  results  relate  well  to  the  cost-per-pound  data 
but  the  inversion  of  the  technology  equations  shows  their  weakness. 

The  increasing  returns  of  the  weight-only  case  are  slight  and  offer 
very  little  improvement  over  cost  per  pound  only. 

Electromechanical  Devices.  While  the  range  shown  here  is 
appropriate,  the  direction  is  again  counterintuitive.  As  previously 
mentioned,  the  power  equation  should  be  used  in  conjunction  with  the 
weight  equation  or  cost-per-pound  data. 
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Inertial  Systems.  While  the  statistical  results  for  this  group 
were  adequate,  the  picture  presented  by  Fig.  6  is  not  encouraging. 

The  standard  deviation  in  cost  per  pound  is  large  for  inertial  systems, 
and  the  range  of  the  technology  equations  is  even  larger.  Despite 
increasing  returns  to  scale,  however,  the  weight-only  equation  appears 
to  offer  some  advantages  over  the  average  cost  per  pound. 

Optical  Systems.  The  adjusted  last  lot  data  used  for  this  case 
produced  a  weight-only  equation  that  reasonably  covers  the  range  of 
cost  per  pound  while  reflecting  decreasing  returns  to  scale. 

Passive  ECM.  The  technology  results  here  show  the  same  flaws 
as  the  inertial  systems  case  except  for  decreasing  returns  to  scale. 

The  weight-only  equation  produces  reasonable  results  but  is  biased 
high  relative  to  the  cost-per-pound  distribution. 

Radars ■  The  technology  equations  produce  three  very  small  bands, 
so  that  returns  to  scale  are  not  significant.  In  essence,  three 
cost-per-pound  factors  are  estimated.  The  large  value  for  integrated 
circuitry  is  not  surprising  in  that  the  radars  of  this  technology  type 
are  from  the  F-14A  and  F-15A.  The  weight-only  case  is  less 
satisfactory  because  of  the  unexplained  increasing  returns  to  scale. 

Radar  Navigation.  The  weight -only  equation  here  produces  a 
reasonable  if  compact  range  of  estimates  and  is  probably  an 
improvement  on  using  a  cost-per-pound  factor. 

Radio  Communication.  The  weight-only  estimator  here  shows 
decreasing  returns  to  scale  but  excessive  range  and  bias.  It  appears 


to  be  as  unreliable  as  its  statistics  indicate. 


-66- 


Radio  Navigation.  The  technology  equations  here  span  the  cost- 
per-pound  range  with  upward  bias.  The  small  range  of  the  weight-only 
equation  and  its  location  offer  little  improvement  over  the  cost-per- 
pound  average  but  each  serves  to  confirm  the  other. 

Summary . 

The  regression  results  presented  here  offer  mixed  utility:  Some 
are  definite  improvements  over  strict  cost-per-pound  estimating,  while 
others  introduce  unwanted  error.  Increasing  returns  to  scale  present 
a  puzzling  problem  in  many  cases;  some  statistically  significant 
results  are  not  supported  by  theoretical  expectations.  Positive 
aspects  of  the  analysis  are  the  general  validity  of  the  equipment 
groupings  and  the  usefulness  of  the  technology  variables  as  estimating 
parameters.  We  suggest  a  broad  approach  for  estimating  at  the  systems 
level.  This  would  involve  using  the  CERs  developed  here,  cost-per- 
pound  data,  and  analogy  to  prior  systems. 

The  numerous  cases  of  increasing  returns  to  scale  warrant 
investigation  beyond  that  possible  in  the  study  reported  here.  A 
basic  assumption  in  cost  estimating  is  that  cost-per-pound  decreases 
with  increasing  size  (economy  of  scale  in  size).  This  is  reasonable 
in  most  manufacturing  cases  and  can  be  illustrated  by  comparing  the 
resources  consumed  in  lathe-finishing  two  rods  of  differing  diameters. 
The  capital  cost  and  labor  cost  would  be  the  same  assuming  constant 
spindle  and  feed  speeds.  Only  the  tool  bit  wear-rate  would  differ. 
Thus  the  cost-per-pound  of  finishing  would  be  much  less  for  the  larger 
rod. 

The  regression  results  lead  us  to  speculate  whether  the 
manufacture  of  avionics  equipment  is  analogous.  We  suspect,  for 
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example,  that  larger  and  more  complex  avionics  equipment  may  require 
relatively  more  assembly  effort,  thus  generating  overall  diseconomies 
of  scale.  This  is  but  one  of  many  hypotheses  which  might  be  put 
forward  in  explanation  of  our  statistical  results.  Research  aimed  at 
this  diseconomies  of  scale  question  should  be  carried  out,  preferably 
in  a  manufacturing  setting. 
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V.  CONCLUSIONS  AND  RECOMMENDAT I ONS 


In  this  section  we  consolidate  our  findings  and  attempt  to  put 
them  in  a  policy  context.  Our  comments  address  the  structure  of  the 
analysis,  regression  analysis  results,  and  the  quality  of  the  data. 

STRUCTURE  OF  THE  ANALYSIS 

The  analysis  was  structured  by  the  scope  of  the  data  set,  levels 
of  analysis,  and  explanatory  variables.  The  combined  fighter-attack 
data  set  for  combat  aircraft  showed  no  signs  of  being  intractable. 
Expanding  the  data  set  to  include  other  types  of  aircraft  would  be  a 
debatable  move.  Equations  using  aircraft  weight  would  not  likely 
accept  cargo  aircraft.  But  other  large  aircraft,  such  as  bombers  and 
electronic  special  duty  aircraft,  may  be  analogous  to  the  fighters  and 
attack  aircraft;  their  avionics  complements  are  also 
aircraft-constrained.  But  to  apply  the  combat  aircraft  data  to  any 
large  aircraft,  a  linear  fit  of  the  suite  data  would  be  more 
realistic.  Considering  the  three  suite  characteristics  cases,  the 
equipment  mix  becomes  important  when  one  attempts  to  estimate  outside 
the  fighter-attack  domain. 

Estimating  relationships  based  on  suites  and  systems  seems  to 
capture  the  essence  of  the  available  data  most  appropriately.  There 
is  no  reasonable  intermediate  level  of  analysis  that  would  be 
indicative  of  equipment  function  and  componentry  requirements. 

Analysis  below  the  system  level  would  require  much  greater  depth  of 
•  'ig*  about  equipment  requirements  and  create  an  unmanageably 
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large  data  base.  This  level  of  detail  is  better  left  for  analysis  at 
some  point  closer  to  the  actual  procurement. 

The  explanatory  variables  used  in  our  analysis  resulted  from  our 
own  assessments  and  from  interviews  with  knowledgeable  personnel  in 
the  avionics  field.  Many  variables  were  discarded  at  the  start 
because  they  could  not  be  reliably  estimated  themselves  or  were 
available  too  late  in  the  development  cycle.  Many  others  could  not  be 
shown  to  be  significant  in  our  data,  even  though  logic  supported  them. 
The  problem  comes  from  trying  to  overspecify  the  model  to  reflect  the 
experience  of  particular  programs.  Parametric  analysis  serves  to 
smooth  the  data  and  highlight  the  general  trends,  but  individual  cases 
reflect  their  own  unique  design  and  environment. 

REGRESSION  ANALYSIS  RESULTS 

Our  results  were  mixed.  The  suites  were  accurately  estimated 
with  a  time  variable  to  capture  change  in  technology,  while  the 
systems  were  poorly  estimated  with  objective  technology  variables. 

At  first  glance,  this  outcome  implies  that  aggregation  dampens  small 
differences  among  the  data.  However,  further  thought  on  the  matter 
points  to  alternative  explanations. 

Technology  and  its  proxy  variable,  time,  appear  to  be  at  the  root 
of  these  analytic  difficulties,  as  has  been  previously  stated.  First 
flight  date  has  been  a  good  indicator  of  the  technology  available  to 
the  suite  designer,  while  our  three-tier  technology  categorization 
proved  insufficient.  More  detailed  measures  of  system  component 
technology  would  probably  help  to  explain  the  scatter  in  our  sample, 
as  would  data  on  functions  per  unit  size.  Development  of  such 
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measures  and  an  additional  data  collection  effort  was  not  possible 
within  the  resources  available  for  this  research. 

QUALITY  OF  THE  DATA 

It  seems  that  no  cost  analysis  research  project  is  complete 
without  the  refrain,  "if  only  we  had  more  data."  We,  too,  would  have 
liked  more  cost  data,  but  our  more  important  message  is  a  new  verse 
bemoaning  cost  data  without  technical  data. 

The  structure  and  implementation  of  the  avionics  recordkeeping 
system  appears  to  be  at  fault  here.  The  AN  nomenclature  system,  which 
does  not  provide  unique  identifiers  for  similar  but  technically 
different  pieces  of  equipment,  is  a  particular  problem.  Contractor 
brochures  on  recent  aircraft  suites  were  our  most  informative  sources, 
but  they  did  little  to  correlate  current  system  applications  with 
prior  ones. 

Cost  data  by  lot  and  pertinent  technical  information  are 
important  to  any  method  of  cost  estimating.  Considering  the 
increasing  importance  of  avionics  equipment,  a  more  concerted  effort 
to  collect  and  store  both  cost  and  technical/performance  data 
systematically  is  very  much  in  order. 
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Appendix  A 

SUITE  LEVEL  COST  ESTIMATING  DATA 

This  appendix  presents  data  underlying  Section  Ill's  analysis  of 
suite  level  avionics  costs.  Table  A-l  provides  suite  size  parameters 
(i.e.,  weight,  volume,  density,  and  input  power)  and  related  costs  for 
the  17  modern  combat  aircraft  comprising  the  sample.  The  next  table 
lists  the  aircraft  characteristics  used  to  explain  costs.  Similarly, 
Table  A-3  gives  the  aircraft  capabilities  tested.  Finally,  Tables  A-4 
through  A-20  supply  information  for  the  suites  at  the  system  level. 

The  first  portions  of  the  tables  indicate  the  systems'  descriptions 
and  prime  and  second-source  manufactures  (and  divisions).  The  tables 
conclude  with  technical  characteristics  and  functional  group 
assignments.  For  reference,  the  tables  are  identified  below: 


Table 

A-l 

A-2 


A-3 


Title 

Avionics  Suite  Costs  and  Technical  Data 
Suite  Explanatory  Variables--Aircraft 
Characteristics 

Suite  Explanatory  Variables--Aircraft 
Capabilities 


A-4 

A-4M 

Data  at 

A-5 

A-6E 

Data  at 

A-6 

A-7D 

Data  at 

A-7 

A-7E 

Data  at 

A-8 

A-10A 

Data  at 

A-9 

F-4C 

Data  at 

A-10 

F-4D 

Data  at 

72- 


A- 1 1 

F-4E 

A-12 

F-4J 

A-13 

F-5E 

A- 14 

F-14A 

A-15 

F-15A 

A-16 

F-111A 

A-17 

F-111D 

A-18 

F-111E 

A-19 

F-111F 

A-20 

FB-111A 

Data 

at 

the 

System 

Level 

Data 

at 

the 

System 

Level 

Data 

at 

the 

System 

Level 

Data 

at 

the 

System 

Level 

Data 

at 

the 

System 

Level 

Data 

at 

the 

System 

Level 

Data 

at 

the 

System 

Level 

Data 

at 

the 

System 

Level 

Data 

at 

the 

System 

Level 

Data 

at 

the 

System 

Level 

AVIONICS  SUITE  COSTS  AND  TECHNICAL  DATA' 
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CN 

CO 

px 

in 

vO 

o 

CN 

CO 

P-. 

vO 

o 

CN 

^d 

ON 

rH 

o 

in 

rH 

co 

n- 

CN 

CN 

ao 

4J 

<n 

H  O 

</> 

rH 

H 

rH 

rH 

rH 

co 

CN 

rH 

co 

CN 

CN 

CN 

u 

4-» 

< 

a 

u 

tb 

< 

rH 

< 

< 

< 

rH 

rH 

rH 

rH 

rH 

X 

W 

Q 

w 

o 

a 

w 

•n 

u 

•d 

m 

rH 

rH 

rH 

rH 

rH 

o 

NO 

rH 

<T 

*d 

m 

rH 

rH 

rH 

rH 

rH 

rH 

u 

3 

< 

<C 

<: 

P- 

Pk 

Pk 

Pk 

(b 

pL 

Pu 

b. 

Pu 

S 

All  dollar  values  are  FY78. 

'Pounds  numerator  defined  for  systems  with  known  value 
'Suite  input  power  requirements  in  voltamperes. 
Complete. 
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Table  A-4  (Page  1  of  2) 
A-4W  DATA  AT  THE  SYSTEM  LEVEL 


EESigntioa'"! _ MJSIIfii _ I _ flAjmtASXUili 


AL0-100 

ECS 

Sanders  Associates 

AJB-7 

Loft  Boab  Coaputer 

Lear  Sieqler  lac.  (Instrument  Civ.) 

ASH-41 

navigation  Computer 

Sinqec  Co.  (Gca.  Pcrc.  last.) 

ALE-29 

Chaff  Dispenser 

Tracoc  lac. 

ABE-1 

Weapons  Belease 

Bendix  Cocp. 

(Haviqation  aad  Control  Div.) 

ABB-4 

Fuze  Ccntcoi 

OaknoMB 

ALR-45 

Badaz  Hcainq/uarninq 

Itek  Cocp. 

(Applied  Icchncloqy  Civ.) 

ALB-90 

Bad  a i  Maroinq  Receiver 

Haqoavox  Co. 

APB-25 

Badaz  Hoxiaq/Harniaq 

Itek  Cocp. 

(Applies  Icchncloqy  Div.) 

APB-27 

Badaz  Seceiver 

aaqnavox  Co. 

APH -141 

Badaz  Ilectcoaic  Altimeter 

Bendix  Cocp.  IPacific  Div.) 

Labs  For  Ilcctccnics 

APH- 153 

Badac  topplez  Haviqatioa 

Sinqec  Co.  (GPL  fiv.) 

Local  llectconics 
(Electronics  Systems  Civ.) 

APN-1S4V 

Badaz  Beacon 

Motor oia  lac. 

(Hilitary  Electronics  Civ.) 
United  Telecontrol 

APH- 194 

Badaz  Ilectcoaic  Altimeter 

Hoaeyuell  lac.  (GAP  Civ.) 

APG-53 

Badac  Fice  Control 

Stevact-Hacaez  Corp. 

(Electronics  Civ.) 

APX-72 

IFF  Transponder 

Beadiz  Cocp.  (Badic  Civ.) 

ABC- 51 

UHF  Command  Badio 

Bockmell  lat.  (Collins  Badio) 
Adaical  eczp. 

ABC- 114 

VHF/FH  Badia 

General  Telephone  ilectr.  Corf. 
(Syivaaia  llectconics  Div.) 
E-Systeas  (fleaccc  Civ.) 

ABC-  159 

UHF  iransceiver 

Bockvell  lat.  (Collins  Badio) 

ABB-69 

UHF  Badio  Receiver 

BCA  (Defease  Communication  Civ.) 

ABB-73 

Badio  Guidance 

Bartin-flarietta  Cocp. 

ABA- 50 

UHF  Direction  Finder 

BockHell  1st.  (Collins  Badio) 

ABA-63 

Receiver  Decoder 

Cutler-Haaaec  (Airtozne  Inst,  lab.) 
Stemart-har net  Cocp. 

ABH-52, 

TACAK  Haviqatioa 

ITT  Cocp.  (Fedecai  Cats.) 

Bepublic  Elccttcaics 

ABH-84 

ZACAH  Haviqatioa 

Hoffaan  Electronics  Cocp. 

(Military  fiectronics  Div.) 

ASC  SfStCIf  Cocp. 
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Table  A-4  (Page  2  of  2) 


DES 1 GNATOR 

LEARN 

CURVE 

1 

WEIGHT 

LBS. 

VOLUME 
CU. IN. 

DENSITY 

LBS/ 

CU. IN. 

POWER 

VA 

TECHNO 

YR  LVL 

FUNCTIONAL  GROUP 

ALQ-100 

93.4 

220.0 

3974 

.0554 

3800 

65 

3 

ACTIVE  ECM 

AJB-7 

80.7 

70.0 

2102 

.0333 

407 

64 

1 

COMPUTER 

ASN-41 

95.7 

32.0 

2 

COMPUTER 

ALE-29 

79.2 

43.0 

1398 

.0308 

28 

2 

ELECTROMECHANICAL 

AWE-1 

105.8 

9.0 

408 

.0221 

5 

66 

1 

ELECTROMECHANICAL 

AWW-4 

AVG 

ELECTROMECHANICAL 

ALR-45 

AVG 

46.0 

72 

PASSIVE  ECM 

ALR-50 

AVG 

16.0 

72 

PASSIVE  ECM 

APR-25 

87.2 

37.0 

538 

.0241 

74 

66 

2 

PASSIVE  ECM 

APR-27 

86.6 

11.0 

760 

.0145 

420 

66 

1 

PASSIVE  ECM 

APR- 141 

83.5 

11.4 

156 

.0731 

64 

2 

RADAR  NAVIGATION 

APN-153 

74.3 

53.0 

3629 

.0146 

425 

63 

2 

RADAR  NAVIGATION 

APN-154V 

85.7 

6.0 

190 

.0316 

66 

2 

RADAR  NAVIGATION 

APN-194 

98. 1 

7.0 

400 

70 

RADAR  NAVIGATION 

APG-53 

71.6 

90.0 

6394 

.0141 

400 

57 

1 

RADAR 

APX-72 

AVG 

16.5 

479 

.0344 

RADIO  COMM 

ARC-51 

85.5 

33.0 

1296 

.0256 

180 

63 

2 

RADIO  COMM 

ARC-114 

NONE 

RADIO  COMM 

ARC- 159 

AVG 

9.0 

173 

.0520 

74 

3 

RADIO  COMM 

ARR-69 

78.5 

10.0 

318 

.0315 

65 

2 

RADIO  COMM 

ARW-73 

109.8 

20.0 

1322 

.0151 

170 

60 

RADIO  COMM 

ARA-50 

AVG 

7.0 

346 

.0202 

45 

65 

2 

RADIO  NAVIGATION 

ARA-63 

100.0 

13.0 

72 

2 

RADIO  NAVIGATION 

ARN-52 

92.3 

51.0 

2305 

.0221 

420 

64 

1 

RADIO  NAVIGATION 

ARR-04 _ 

_ 99,  V 

_ 29.0 

766 

.0379 

163 

-7.1.- 

3 

RADIO  NAVIGATION 

Table  A-5  (Page  1  of  2) 
A-6E  DATA  AT  THE  SYSTEM  LEVEL 


ALO-100  ecu  Sanders  Associates 

A SO* 113  Ballistic  Coaputer  IBS  Corp.  (federal  Systens  Die.) 

ASO-155  Ballistic  coaputer  IBB  Corp./Fairchild  Industries 

CP- 1 00 5 A  Air  Cats  Coaputer  Conrac 


AVA-  1 

ALE- 29 
ALE-32 
ABB-4 

ASM- 3  1 

Vertical  Display  indicator 
Chari  Dispenser 

Chaff  Dispenser 
fuze  Ccntrol 

Intertial  navigation 

ASN-92 

Inertial  Baviqation 

ALB-45 

Had  at  Uoainq/Barninq 

ALB-50 

APB-2S 

Badat  karninq  Beceiver 
Badar  Boainq/Marninq 

APB- 27 
ASO-57 

APB- 153 

Badat  Beceiwer 

Integrated  Electr.  Central 
Badat  Doppler  navigation 

APB- 154V 

Badar  Beacon 

APB- 194 
APO-  148 
AIC-  14 

Badat  Electronic  Altiaeter 
Badar  Attack 

Intercca 

APX-72 

ABC- 57 

ABC- 159 

ABB-67 

ABB-73 

ASB-25 

ABA-50 

ABM-84 

Iff  Transponder 

UHF  Coaaand  Badio 

DBF  Transceiver 

Badio  Gaidance 

Badio  Guidance 

UhF  Digital  Data  Conn. 

08F  Direction  Finder 

ItCAM  Baviqation 

CP-3  194 

Data  Converter 

Kaiser  industries  Corp. 

Tracer  Inc. 

Lundy  Electronics 
Unknown 

Litton  industries 

(Guidance  nnd  Control  Die.) 
Litton  .Industries 

(Guidance  and  Ccntrol  Div.j 
Itek  corp. 

(Applied  Technology  Civ.) 
aaqnavo*  co. 

Itek  corp. 

(Applies  Icchacloqy  Div.) 
HaqnavoA  Co. 

Bockwell  let.  (Collins  Badio) 
Siaqer  Co.  (CE1  Dit.) 

Loral  llcctrosics 
(Electronics  Systens  Die.) 

Ho tor ola  lac. 

(UHitary  Electronics  Dif.) 
United  Telecontrol 
Honeywell  Inc.  (GAP  Div.) 

United  Technologies  (Borden) 

Best  Electronics 

Bonnoutb  Electric  Co. 

Bendix  Corp.  (Sadie  Div.) 

General  Dynaaics  Corp. 

Bockwell  Itt.  (Collins  fiadio) 
Estecline  Corp.  (Babcock  Electr.) 
Hartin-Barietta  Corp. 

Badintion  Syntcns 

Bockwell  lot.  (Collins  Badio) 

Hoffean  Electronics  Corp. 

(Bilitnry  Electronics  Ci«.) 
asc  systens  Corp. 

Litton  Industries 
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Table  A-5  (Pa&e 


DESIGNATOR 

LEARN 

CURVE 

% 

WEIGHT 

LBS. 

VOLUME 
CU. IN. 

DENSITY 

LBS/ 

CU. IN. 

ALQ-100 

93.4 

220.0 

3974 

.0554 

ASQ-133 

86.0 

176.0 

1537 

.1145 

ASq-155 

94.5 

69.0 

4666 

.0148 

CP-1005A 

94.9 

50.4 

1037 

.0486 

AVA-1 

103.6 

27.0 

1106 

.0244 

ALE-29 

79.2 

43.0 

1398 

.0308 

ALE-32 

AVG 

AWW-4 

AVG 

ASN-31 

80.0 

130.0 

ASN-92 

AVG 

123.9 

4493 

.0276 

ALR-45 

AVG 

46.0 

ALR-50 

AVG 

16.0 

APR-25 

87.2 

37.0 

1538 

.0241 

APR-27 

86.6 

11.0 

760 

.0145 

ASQ-57 

AVG 

APN-153 

74.3 

53.0 

3629 

.0146 

APN-154V 

85.7 

6.0 

190 

.0316 

APN-194 

98.  1 

7.0 

APq-148 

AVG 

365.0 

A  1C- 14 

80.2 

12.3 

APX-72 

AVG 

16.5 

479 

.0344 

ARC-57 

NONE 

ARC- 1 59 

AVG 

9.0 

173 

.0520 

ARW-67 

AVG 

11.0 

500 

.0220 

ARW-73 

109.8 

20.0 

1322 

.0151 

ASW-25 

79.0 

14.0 

ARA-50 

AVG 

7.0 

346 

.0202 

ARN-84 

98.1 

29.0 

766 

.0379 

of  2) 
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Table  A-6  (Page  1  of  2) 
A-7D  DATA  AT  THE  SYSTEM  LEVEL 


AE344IU1QI - 


ALO-87  ecu  tod  Equipment  General  Electric 

*10-100  Eca  Sanders  Associates 

ASN-91  i At  computer  IBB  C orp.  (Federal  Systeas  Di»«| 

CPU-80*  Fliqht  Cirection  Coaputer  Unknown 

*0U-6  Horizontal  Situation  Ind.  Unknown 

ASN-99  Proiected  Hap  Display  Control  Data  Corp. 

(Coaputinq  Devices  of  Canada) 
AVQ-7  Head-Up  Display  E*  Industrial  Corp. /Elliot  Bros. 

awn-2  float  fuse  Control  Polyphase  instruaeats 

ASH-90  Inertial  fleasureaent  Sinqer  Co.  (Kearfott  Civ.) 

*L8- 50  fladar  karninq  fieceiver  Baqnavox  Co. 

APB-36  Sadat  karninq  Becetver  Itek  Corp. 

APB-37  Badar  karninq  fieceiver  Itek  Corp. 

APN-1U1  Badar  Aiectconic  Altiaeter  Bendix  Corp.  (Pacific  Div.) 

Labs  For  Electronics 

APM-lSn?  Badar  Beacon  flotorola  Inc. 

(Hilitary  Electronics  Div.) 
United  Telecontrol 

APH- 190  Badar  loppler  Sinqer  Co.  (Kearfctt  Div.) 

APO-126  Badar  Terrain  Avoid/Hap  Texas  Instruments  Inc. 

APA-72  IFF  Transponder  Bendix  Corp.  (Aadic  Lix.) 

ABC-51  UHF  Connand  Badio  Bockwall  lot.  (Collins  Badio) 

Adairai  Corp. 

ABk-77  Badio  Guidance  Hartin-Barietta  Corp. 

(Orlando  Civ.) 

ASk-25  Uhf  liqital  Data  Conn,  hadiatioa  Systeas 

FB-622A  VHF/FH  gauio  Baqnavox  Co. 

ABN-52  I *c  A  A  kaTiqation  III  Cocf.  (Federal  Labs.) 

Bepublic  Electrcnics 

ABN-92  L0BA1  C/D  Haviqation  ITT  Corp.  (Federal  labs.) 
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Table  A-6  (Page  2  of  2) 


DESIGNATOR 

LEARN 

CURVE 

* 

WEIGHT 

LBS. 

VOLUME 
CU. IN. 

DENSITY 

LBS/ 

CU. IN. 

POWER 

VA 

TECHNO 

YR  LVL 

FUNCTIONAL  GROUP 

ALQ-87 

AVG 

3500 

ACTIVE  ECM 

ALQ-100 

93.4 

220.0 

3974 

.0554 

3800 

65 

3 

ACTIVE  ECM 

ASN-91 

89.0 

80.0 

2592 

.0309 

325 

67 

2 

COMPUTER 

CPU-80A 

AVG 

COMPUTER 

AQU-6 

AVG 

DISPLAY 

ASN-99 

101.9 

42.0 

68 

2 

DISPLAY 

AVQ-7 

AVG 

84.0 

67 

DISPLAY 

AWW-2 

AVG 

ELECTROMECHANICAL 

ASN-90 

87.7 

70.0 

1728 

.0405 

67 

2 

INERTIAL 

ALR-50 

AVG 

16.0 

72 

PASSIVE  ECM 

APR-36 

AVG 

38.0 

67 

PASSIVE  ECM 

APR- 3 7 

AVG 

67 

PASSIVE  ECM 

APN-141 

83.5 

11.4 

156 

.0731 

64 

2 

RADAR  NAVIGATION 

APN-154V 

85.7 

6.0 

190 

.0316 

66 

2 

RADAR  NAVIGATION 

APN-190 

AVG 

65.0 

5478 

.0119 

67 

2 

RADAR  NAVIGATION 

APQ-126 

AVG 

230.0 

20736 

.0111 

2200 

67 

2 

RADAR 

APX-72 

AVG 

16.5 

479 

.0344 

RADIO  COMM 

ARC-51 

85.5 

33.0 

1296 

.0256 

80 

63 

2 

RADIO  COMM 

ARW-77 

96.4 

25.0 

624 

.0401 

64 

2 

RADIO  COMM 

ASW-25 

79.0 

14.0 

RADIO  COMM 

FM-622A 

AVG 

27.3 

604 

.0452 

116 

RADIO  COMM 

ARN-52 

92.  3 

51.0 

2305 

.0221 

420 

64 

1 

RADIO  NAVIGATION 

ARN-92 

90.0 

_ 91,5- 

_ 3136 

.0292 

.  6Z_ 

2 

RADIO  NAVIGATION 

\ 


I 


82- 


Table  A-7  (Page  1  of  2) 
A-7E  DATA  AT  THE  SYSTEM  LEVEL 


xisi&MUQjt _ tmziisi _ mjmcmu 


ALO-IOO 
A1Q-120 
ALO- 126 
AJB-3A 

sea 

ICS 

ECH 

Loft  uoab  Coaputer 

ASH- 91 
ASH-99 

TAC  Coaputer 

Protected  Bap  Display 

ATO-7 

ALE- 29 

ALE- 39 

AHH-2 

AHH-4 

ASH-90 

ALB-45 

Bead-Op  Display 

Chaff  Cispeaser 

Chaff  Cispeaser 

Bonk  Fuse  Control 

Fuze  Control 

Inertial  Heasureaeat 

Badar  Boainq/Uarainq 

ALB -50 
APB- 25 

Badar  Harninq  Beceiver 
Badar  Uoaiaq/Haraiaq 

APB-27 
APB- 141 

Badar  Beceiver 

Badar  Electronic  Altiaeter 

APH-190 
APH-194 
AP0- 126 
A1C-25 

Badar  Coppler 

Badar  Electronic  Altiaeter 
Badar  Terrain  Avoid/Hap 
Intcrccs 

API- 72 
ABC- SI 

IFF  Transponder 

UHF  Con land  Badio 

ABB-69 
ASH- 25 
ABA- 50 
ABA-63 

DBF  Badio  Beceiver 

UHF  Ciqital  Cats  Conn, 
a BP  Eirectioa  Finder 
Beceiver  Decoder 

ABH-52 

TACAH  Haviqation 

ABM-84 

TAC  a  A  Haviqation 

Saadatf  Associates 
Sandses  Associates 
Sanders  Associates 
Texas  lastrusents  Inc. 

(Apparatus  Civ.) 

Lear  Seiqlcr  Inc.  (lastruaent  Die.) 
IBS  Corp.  {Federal  Systeas  Div.) 
Control  Data  cerp. 

(CoBFutinq  Devices  of  Canada) 

BA  Industrial  Corp./Blliot  Bros. 

Tracor  Inc. 

Goodyear  Aerospace 
Polyphase  Instruaeats 
Unknown 

Sinqer  Co.  (Bearfott  Civ.) 

Itek  Corp. 

(Applied  Technology  Div.) 
flaqaavox  Co. 

Itek  Corp. 

(Applies  lechnoloqy  Civ.) 

Baqaavos  co. 

Bendix  Corp.  (Pacific  Siv.) 

Labs  For  Ilcctrcnics 
Sinqer  Co.  (Bearfott  Div.) 

Honeywell  lac.  (GAI  Civ.) 

Texas  Iastrunents  Inc. 

Andrea  Badio  Corp. 

Helcor  Electronics  Corp. 

Bonnogth  11 ectric  Co. 

Bendix  Corp.  (Badic  Civ.) 

Bockvell  Int.  (Collins  Badio) 

Admiral  Coif. 

BCA  (Defense  conauaication  Div.) 
Hadiation  Syatens 
Bockwell  Int.  (Collins  Badio) 
Cutler-Baaser  (Airtorne  Inst.  Lab.) 

stewart-varner  Corp. 

ITT  Corp.  (Federal  labs.) 

Bnpublic  Electronics 
Hoffean  Electronics  Corp. 

(Hilitary  Electronics  Civ.) 

ASC  Systens  Corp. 


-83- 


Table  A-7  (Page  2  of  2) 


DESIGNATOR 

LEARN 

CURVE 

X 

WEIGHT 

LBS. 

VOLUME 
CU. IN. 

DENSITY 

LBS/ 

CU. IN. 

POWER 

VA 

-TESHNQ 

YR  LVL 

FUNCTIONAL  GROUP. 

ALQ-IOO 

93.4 

220.0 

3974 

.0554 

3800 

65 

3 

ACTIVE  ECM 

ALQ-120 

NONE 

ACTIVE  ECM 

ALQ-126 

93.4 

185.0 

3974 

.0466 

72 

3 

ACTIVE  ECM 

AJB-3A 

83.4 

83.0 

3454 

.0240 

245 

64 

1 

COMPUTER 

ASN-91 

89.0 

80.0 

2592 

.0309 

325 

67 

2 

COMPUTER 

ASN-99 

101.9 

42.0 

68 

2 

DISPLAY 

AVQ-7 

AVG 

84.0 

67 

DISPLAY 

ALE-29 

79.2 

43.0 

1398 

.0308 

28 

2 

ELECTROMECHANICAL 

ALE-39 

AVG 

36.0 

ELECTROMECHANICAL 

AWW-2 

AVG 

ELECTROMECHANICAL 

AWW-4 

AVG 

ELECTROMECHANICAL 

ASN-90 

87.7 

70.0 

1728 

.0405 

67 

2 

INERTIAL 

ALR-45 

AVG 

46.0 

72 

PASSIVE  ECM 

ALR-50 

AVG 

16.0 

72 

PASSIVE  ECM 

APR-25 

87.2 

37.0 

1538 

.0241 

74 

66 

2 

PASSIVE  ECM 

APR-27 

86.6 

11.0 

760 

.0145 

420 

66 

1 

PASSIVE  ECM 

APN-141 

83.5 

11.4 

156 

.0731 

64 

2 

RADAR  NAVIGATION 

APN-190 

AVG 

65.0 

5478 

.0119 

67 

2 

RADAR  NAVIGATION 

APN-194 

98.1 

7.0 

400 

70 

RADAR  NAVIGATION 

APQ-126 

AVG 

230.0 

20736 

.0111 

2200 

67 

2 

RADAR 

AIC-25 

NONE 

RADIO  COMM 

APX-72 

AVG 

16.5 

479 

.0344 

RADIO  COMM 

ARC-51 

85.5 

33.0 

1296 

.0256 

180 

63 

2 

RADIO  COMM 

ARR-69 

78.5 

10.0 

318 

.0315 

65 

2 

RADIO  COMM 

ASW-25 

79.0 

14.0 

RADIO  COMM 

ARA-50 

AVG 

7.0 

346 

.0202 

45 

65 

2 

RADIO  NAVIGATION 

ARA-63 

100.0 

13.0 

72 

2 

RADIO  NAVIGATION 

ARN-52 

92.3 

51.0 

2305 

.0221 

420 

64 

1 

RADIO  NAVIGATION 

ARH-8.4 _ 

_ 99,  L 

29.0 

_ Z 66- 

Ifii- 

71 

_JL_ 

RADIO  NAVIGATION 
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Table  A-8  (Page  1  of  2) 
A-10A  SATA  AT  THE  SYSTEM  LEVEL 


DESIGIAIQg 

PUBwIIQH 

BANUf ACTOBAB 

CSV-80 

Pliqht  Direction  Coaputer 

Unknown 

Bead-Up  Dspl 

Head-Op  Display  (A-10) 

BcDonaell  Douglas  Carp. 
Kaiser  Isdastries 

TV  Bod iter 

TV  Hooitor  (A-10) 

Cardion  Electronics 

ALE-40  (V) 

Chaff  lispeaser 

Tracor  lac. 

Ara.Cont.Svs. 

Ananent  Coat.  Sys.  (A-10) 

Fairchild  Industries 

LSI63C0A 

Attitude  Deference 

Lear  Sieqler  Inc. 

A AS— 35 

laser  Search  Tracker 

Bartin  Harietta  Ccrp. 

ALB- 69V 

Sadar  earning  Beceiver 

Itek  corp. 

AIC-18 

intercoa 

Andrea  Badio  Corp. 

AFX- 101 

UP  Transponder 

Teled  vne 

ABC- 164 

DHF/AH  Badio 

Baqnavox  Co. 

PH-6 22 A 

VUF/FB  Badio 

Baqaavcx  Co. 

UPN-25 

I-Eand  Beacon 

Botorala  Inc. 

Hilcor  807 

VUf/AB  Badio 

Hilcos  Electric  Cc. 

ABB- 103 

Instruaent  Landinq  Sys. 

Bockuell  Int.  (Collins 

Badio) 

ABN-118 

1ACAN 

BockueAl  Int.  (Collins 

Badio) 

OA-8697/ABD 

Udt/ACf 

Bock.uell  Int.  (Cell ins 

Badio) 
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Table  A-8  (Page  2  of  2) 


DESIGNATOR 

LEARN 

CURVE 

t 

WEIGHT 

LBS. 

VOLUME 
CU. IN. 

DENSITY 

LBS/ 

CU. IN. 

POWER 

VA 

TECHNO 

YR  LVL 

FUNCTIONAL  GROUP 

CSV-80 

AVG 

6.8 

204 

.0333 

1»2 

COMPUTER 

Head-UP  DSPL 

111.5 

65.2 

4755 

.0137 

365 

DISPLAY 

TV  Monitor 

84.0 

17.0 

431 

.0394 

155 

DISPLAY 

ALE-40( V) 

AVG 

186.0 

ELECTROMECHANICAL 

Ana.Cont.Sys. 

93.6 

ELECTROMECHANICAL 

LSI6000A 

113.2 

27.0 

761 

.0355 

84 

INERTIAL 

AAS-35 

AVG 

56.2 

2531 

.0222 

523 

OPTICAL 

ALR-69V 

AVG 

98.5 

1690 

.0583 

885 

PASSIVE  ECM 

AIC-18 

AVG 

5.2 

207 

.0251 

22 

RADIO  COMM 

APX-101 

AVG 

14.7 

380 

.0387 

65 

2 

RADIO  COMM 

ARC- 164 

AVG 

17.0 

173 

.0984 

110 

RADIO  COMM 

FM-622A 

AVG 

27.3 

604 

.0452 

116 

RADIO  COMM 

UPN-25 

AVG 

3.3 

39 

.0846 

350 

RADIO  COMM 

Wilcox  807 

NONE 

18.0 

646 

.0279 

302 

RADIO  COMM 

ARN-108 

AVG 

8.0 

216 

.0370 

45 

RADIO  NAVIGATION 

ARM- 118 

AVG 

44.0 

2108 

.0209 

280 

RADIO  NAVIGATION 

9A-«97/ARP _ 

■  -97.9 

_ LtS- 

_ kftz_ 

.9154  . 

ga .. 

RAQlO-BAyiQAIlQN 
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Table  A-9  (Page  1  of  2) 
P-4C  BATA  AT  THE  SYSTEM  LEVEL 


MStfiJU Ifll _ 


ALO-75  ICE 

AL0-100  it  a 

AJB-7  Loft  Boat*  Coapatar 

ABA-  157  Pire  Control  Croup 

ASB-46A  Beviqatioa  Coaputer 

Asa-ua  Inertial  laviqatioa 

ALB- 3 I  ACB  Deceiver 

APB-25  Badar  ttoaiaq/Baraint) 

AS0-19B  Integrated  llectr.  Central 

APB- t 55  Badar  Altiaeter 


APO-1O0  Badat  Control/Intercept 

APX-76A  1PP  interrogator 

ABC- 105  VHP  Badio  Coaaunication 

ABB-77  Badio  Guidance 

ABB- 83  VHP  cirect ion  Piader 


General  Electric 

(light  Hilitary  Ilectronica  Dept.) 
Sandaca  Associates 
Lear  Sieqler  lac.  (Instraaeat  liv.) 
BaytAeon 
Benda z  Corp. 

(Bavigation  and  Control  Die.) 
Litton  Jadustriea 

(Guidance  and  Control  civ.) 

Loral  Ilectronica 
I tel  Corp. 

(Appliea  Technology  Div.) 

Bockaell  let.  (Collins  Badio) 

BCA  (Defease  Ilectronica  frod.Civ.) 
Steaart-Baraer  Corp. 

(Electronics  Civ.) 

BeatingAouse  Alectric  Corp. 

(Aerospace  Civ.) 

Basel tine  Corp.  (Electronic  Civ.) 
Bockaell  1st.  (Collins  Badio) 
Bartin-Barietta  cocf. 

(Orlando  Div.) 

Bockaell  1st.  (Collins  Badio) 
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Table  A-9  (Page  2  of  2) 


DESIGNATOR 

LEARN 

CURVE 

1 

WEIGHT 

LBS. 

VOLUME 
CU. IN. 

DENSITY 

LBS/ 

CU. IN. 

POWER 

YA_ 

.  JJMiWffl- 

YR  LVL 

FUNCTIONAL  GROUP 

ALQ-75 

NONE 

11300 

ACTIVE  ECM 

ALQ-100 

93.4 

220.0 

3974 

.0554 

3800 

65 

3 

ACTIVE  ECM 

AJB-7 

SO.  7 

70.0 

2102 

.0333 

407 

64 

1 

COMPUTER 

APA-157 

61.5 

233.0 

3000 

1 

COMPUTER 

ASN-46A 

AVC 

31.0 

831 

.0373 

85 

65 

2 

COMPUTER 

ASN-46 

94.6 

95.0 

4147 

.0229 

60 

1 

INERTIAL 

ALR-31 

NONE 

PASSIVE  ECM 

APR-25 

87.2 

37.0 

1538 

.0241 

74 

66 

2 

PASSIVE  ECM 

ASQ-19B 

AVG 

198.0 

7594 

.0261 

775 

69 

1 

POWER  MANAGEMENT 

APN-155 

AVG 

19.0 

691 

.0275 

80 

69 

2 

RAOAR  NAVIGATION 

APQ-100 

AVG 

856.0 

26611 

.0322 

3600 

62 

1 

RAOAR 

APX-76A 

AVG 

19.0 

726 

.0262 

170 

1 

RADIO  COMM 

ARC- 105 

AVG 

RADIO  COMM 

ARW-77 

96.4 

25.0 

624 

.0401 

64 

2 

RADIO  COMM 

AMbfll _ 

_ AiflL. 

RAP  .IQ  HAYICATjflN. 

4 


i 


Ml 
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Table  A-10  (Page  1  of  2) 
F-4D  DATA  AT  THE  SYSTEM  LEVEL 


DBSIGBATOR _ - MHIMUIM 


ALQ-71 
AJB-7 
APE- 157 
ASA-A6A 

A SO- 91 
ASA-63 

ASG-22 

At  0-9 
ALT-39 

APB- 38 
APS- 1070 
A SO- 1 9 fl 
APB- 15$ 


AP0-109 
API-76A 
ABC- 105 
ABB-77 

ABB- 83 
ABN- 92 


BCR 

Loft  Scab  Coaputer 
Pice  Control  Croup 
Naviqatioa  coaputer 

Bonk  coaputec 
Inertial  Naviqatioa 

Optical  Siqbt  Lead  Coap. 

Laser  Cesiqaator 

BCB 

Badac  Boainq/Barniaq 
Badar  Boainq/Barniaq 
inteqcated  Eiectc.  Ceatral 
Badac  Altiaeter 


Badac  Coatcol/Zateccept 
IFF  latercoqator 
»B F  Badio  CoaauaicatioD 
Radio  Cuidaace 

VHP  ticaction  Fiadac 
lor  A  %  C/D  Naviqatioa 


Hoqbes  Aircraft 

Lear  sieqlec  lac.  (Xaatcuaeat  Civ.) 

BapUeoa 

Beadle  Corp. 

(Naviqatioa  and  Control  Dive) 
Litton  industries 
Litton  Industries 

(Cuidaace  aad  Control  Div.) 
General  Electric 

(Liqit  Hilitar r  Electronic  Cept.) 
Bartln-Bacietta  Corp. 

Bordairs  Elactranica 
COanral  Electric 
ZBN  Corp.  (Federal  St steas  Div.) 
Besdis  Corp.  IBlectrodranaics  Civ.) 
Bockwell  Znt.  (Collins  Badio) 

BCA  (Defease  Electronics  Prod. Civ.) 
Steaart-Bacaec  Corp. 

(Electronics  Div.) 

NestiaqAoaae  Electric  Corp. 
Bnzeltine  Corp.  (Electronic  Civ.) 
Bockneli  Int.  (Collias  Badio) 
Bactia-Eacietta  Corp. 

(Oclaado  Div.) 

■ockaall  lat.  (Collins  Badio) 

ITT  Corp.  (Federal  labs.) 
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Table  A-10  (Page  2  of  2) 


DESIGNATOR 

LEARN 

CURVE 

1  , 

WEIGHT 

US. 

VOLUME 

CU.IN. 

DENSITY 

LBS/ 

CU. IN. 

POWER 

VA 

TECHNO 

VR  LVL 

FUNCTIONAL  GROUP 

ALQ-71 

NONE 

3500 

ACTIVE  ECM 

AJB-7 

80.7 

70.0 

2102 

.0333 

407 

64 

1 

COMPUTER 

APA-157 

61.5 

233.0 

3000 

1 

COMPUTER 

ASN-46A 

AVG 

31.0 

831 

.0373 

85 

65 

2 

COMPUTER 

ASQ-91 

107.5 

41.0 

1409 

.0291 

120 

69 

2 

COMPUTER 

ASN-63 

96.3 

95.0 

4147 

.0229 

66 

INERTIAL 

ASG-22 

AVG 

OPTICAL 

AVQ-9 

AVG 

10.0 

858 

.0117 

OPTICAL 

ALT-34 

NONE 

840 

PASSIVE  ECM 

APR-38 

AVG 

74 

3 

PASSIVE  ECM 

APS-107D 

96.8 

42.5 

2004 

.0212 

70 

3 

PASSIVE  ECM 

ASQ-19B 

AVG 

198.0 

7594 

.0261 

775 

69 

1 

POWER  MANAGEMENT 

APN-155 

AVG 

19.0 

691 

.0275 

80 

69 

2 

RADAR  NAVIGATION 

APQ-109 

AVG 

866.0 

27302 

.0317 

3600 

64 

1 

RADAR 

APX-76A 

AVG 

19.0 

726 

.0262 

170 

1 

RADIO  COMM 

ARC- 105 

AVG 

RADIO  COMM 

ARW-77 

96.4 

25.0 

624 

.0401 

64 

2 

RADIO  COMM 

ARN-83 

AVG 

RADIO  NAVIGATION 

ABH=92 _ 

_ 

-8L5- 

-  1136- 

■  0292 

_6Z_ 

2 

_RAplQ  NAVIGAIIPW- 

► 
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Table  A- 11  (Page  1  of  2) 
F-4E  DATA  AT  .THE  ST  STEM  LEVEL 


ElSIgEAIQB- 

PUHCIZOH 

BAHDf AC1DAEB 

ALO-119 

«CH  Svstea 

aoatlnqhooso  iloctric  corp. 

(Dofoaso  and  Space  Center) 

AJB-7 

Loft  Bcab  coapnter 

Lear  Sicqlor  lac.  (Iantrunont  Civ.) 

ASH-S6A 

Baviqation  Coapater 

Bondi i  Corp. 

(Baviqation  and  Control  oiv.) 

iso- 91 

Boat  Ccapnter 

Litton  industries 

ASH-63 

Inertial  Baviqation 

Litton  Industries 

(Guidance  and  Ccntrol  Div.) 

ASG-26 

Optical  Siqht  Load  Coap. 

General  Iloctric 

(LiqAt  Hi liter?  llectronic  Copt.) 

AVQ-23 

Dosiqnator 

Hostinqbonso  Electric  Corp. 

(Aerospace  Civ.) 

APB-36 

Bad at  Hacainq  Bocoivor 

Itek  corp. 

APB-37 

Badac  Homing  Bocoivor 

itek  Corp. 

ASO- 19B 

xatoqratcd  ilcctr.  Control 

Bock Hell  Xat.  (Collins  Badio) 

APH-15S 

fiadai  Altiaetar 

BCA  (Defease  Electronics  Prod. Civ.) 
Stevart-varner  Corp. 

(electronics  civ.) 

APQ- 120 

Badac  foroard  Lookiaq 

HestinqBonse  Electric  Corp. 

(Aercspace  Civ.) 

APZ-76A 

IFF  Interrogator 

■aseltiae  Corp.  (Electronic  Civ.) 

ABC- 1 OS 

VHP  Badio  Coaauaicatioo 

Bockaeli  let.  (Collins  Badio) 

ABi-77 

ladle  Guidance 

Hartin-Harietta  Corp. 

(Orlaado  civ.) 

ABB- 93 

VHP  Cirection  PinJor 

lockvell  1st.  icollias  Badio) 

ABB- 101 

L0BA1 

Lear  Sicqlor  Inc.  (Instrsaeat  Civ.) 
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Table  A-ll  (Page  2  of  2) 


DESIGNATOR 

LEARN 

CURVE 

1 

WEIGHT 

VOLUME 
CU. IN. 

DENSITY 

LBS/ 

CU. IN. 

POWER 

VA 

FUNCTIONAL  GROUP 

ALQ-119 

AVG 

ACTIVE  ECM 

AJB-7 

60.7 

70.0 

2102 

.0333 

407 

64 

1 

COMPUTER 

ASN-46A 

AVG 

31.0 

831 

.0373 

85 

65 

2 

COMPUTER 

ASQ-91 

107.5 

41.0 

1409 

.0291 

120 

69 

2 

COMPUTER 

ASN-63 

96.3 

95.0 

4147 

.0229 

66 

INERTIAL 

ASG-26 

AVG 

OPTICAL 

AVQ-23 

AVG 

OPTICAL 

APR-36 

AVG 

38.0 

67 

PASSIVE  ECM 

APR-37 

AVG 

67 

PASSIVE  ECM 

ASQ-19B 

AVG 

198.0 

7594 

.0261 

775 

69 

1 

POWER  MANAGEMENT 

APN-155 

AVG 

19.0 

691 

.0275 

80 

69 

2 

RADAR  NAVIGATION 

APQ-120 

88.3 

667.0 

21082 

.0316 

3410 

67 

2 

RADAR 

APX-76A 

AVG 

19.0 

726 

.0262 

170 

1 

RADIO  COMM 

ARC- 105 

AVG 

RADIO  COMM 

ARW-77 

96.4 

25.0 

624 

.0401 

64 

2 

RAO  10  COMM 

ARM-83 

AVG 

RADIO  NAVIGATION 

AfiMrlOJ _ 

- WL- 

_ jHUO- 

■  21Q8 

-.02.09  . 

_ 2M_ 

■BAEIQ.  NAVLQATJQM- 
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Table  A-12  (Page  1  of  2) 


F-4J  DATA  AT  THE  SYSTEM  LEVEL 


DESIGBAXOB 

PUMCXIOS 

BAH  OF ACIUAEB 

11.0-91 

EC  a 

Baqnavox  Co. 

1LO-100 

BCD 

Sanders  Associates 

1L0- 126 

sen 

Sanders  Associates 

1JB-7 

Loft  Boab  Computer 

Lear  Sieqier  Inc.  (Instrunent  tiv.) 

ASB-39 

navigation  Coaputer 

Beadix  Corp. 

ALE- 29 

Cbaff  Eicpeasec 

Tracor  Inc. 

ABB- 1 

Fuse  Function  Control 

Bauland  Borq  Cc. 

AVG-8 

Target  Acquisition 

Boaeyveli  Inc. 

ALB-45 

Badac  Boainq/ Barninq 

Itek  Corp. 

(Applied  Technology  Div.) 

ALB-50 

Badac  Batninq  Beceiver 

BnqaavoB  Co. 

APB- 2  5 

Badac  Bcainq/Bacninq 

Itek  Corp. 

(Applies  Tecirclogy  Civ.) 

APB- 27 

Badac  Bcceivec 

flnqnnvox  Co. 

ASQ- 19B 

lateqratcd  Electc.  Central 

Bock veil  1st.  (Collins  Badio) 

APB-141 

Badac  Electronic  Altiaeter 

Beadia  Cocp.  Ifacific  Div.) 

Labs  For  llectroaics 

APB- 154? 

Badac  Beacon 

Dotorola  lac. 

(Biiitary  llectroaics  Civ.) 

United  leiccontcol 

APB- 194 

Badac  Electronic  Altiaeter 

Uoneyuell  Inc.  (GIF  Civ.) 

ABG-10 

Hsl  Fire  Control  Systea 

MestinqAoume  Electric  Cocp. 
(Aerospace  Civ.) 

APX-76A 

IFF  Interrogator 

Haxeltiae  Core.  (Ilectronic  Civ.) 

ABB-49 

ubf  Badio  Beceiver 

BCA  (Defense  Conauaicetion  Div.) 

AS*- 25 

UUP  Ciqital  Cata  Coaa. 

Badiatiea  Systeas 

ABA- 50 

liar  Cirection  Finder 

Bockvell  Iat.  (Collins  Badio) 

ABA-63 

Beceiver  Decoder 

Cutler-Banner  (Aictocne  Inst,  lab.) 
Ste vart-Barner  cocp. 

ABB- 86 

Stevart-Baraec  Cocp. 

t 


•t .  .-_~ 


i 
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Table  A-12  (Page  2  of  2) 


DESIGNATOR 

LEARN 

CURVE 

* 

WEIGHT 

LBS. 

VOLUME 
CU. IN. 

DENSITY 

LBS/ 

CU. IN. 

POWER 

VA 

TECHNO 

YR  LVL 

FUNCTIONAL  GROUP 

ALG-91 

AVG 

50.0 

1296 

.0386 

67 

3 

ACTIVE  ECM 

ALQ-100 

93.4 

220.0 

3974 

.0554 

3800 

65 

3 

ACTIVE  ECM 

ALq-126 

93.4 

185.0 

3974 

.0466 

72 

3 

ACTIVE  ECM 

AJB-7 

80.7 

70.0 

2102 

.0333 

407 

64 

1 

COMPUTER 

ASN-39 

77.9 

25.0 

61 

2 

COMPUTER 

ALE-29 

79.2 

43.0 

1398 

.0308 

28 

2 

ELECTROMECHANICAL 

AWW-1 

AVG 

17.0 

824 

.0206 

1 

ELECTROMECHANICAL 

AVG-8 

98.9 

25.0 

71 

OPTICAL 

ALR-45 

AVG 

46.0 

72 

PASSIVE  ECM 

ALR-50 

AVG 

16.0 

72 

PASSIVE  ECM 

APR-25 

87.2 

37.0 

1538 

.0241 

74 

66 

2 

PASSIVE  ECM 

APR-27 

86.6 

11.0 

760 

.0145 

420 

66 

1 

PASSIVE  ECM 

ASQ-19B 

AVG 

198.0 

7594 

.0261 

775 

69 

1 

POWER  MANAGEMENT 

APN-141 

83.5 

11.4 

156 

.0731 

64 

2 

RADAR  NAVIGATION 

APN-154V 

85.7 

6.0 

190 

.0316 

66 

2 

RADAR  NAVIGATION 

APN-194 

98.  1 

7.0 

400 

70 

RADAR  NAVIGATION 

AWG-10 

85.1 

1180.0 

33696 

.0350 

13000 

64 

2 

RADAR 

APX-76A 

AVG 

19.0 

726 

.0262 

170 

1 

RADIO  COMM 

ARR-69 

78.5 

10.0 

318 

.0315 

65 

2 

RADIO  COMM 

ASW-25 

79.0 

14.0 

RADIO  COMM 

ARA-50 

AVG 

7.0 

346 

.0202 

45 

65 

2 

RADIO  NAVIGATION 

ARA-63 

100.0 

13.0 

72 

2 

RADIO  NAVIGATION 

ARN-86 

_ 95,  J  - 

-32-.  Q. 

1037 

■  0376 

_ 250- 

RADIO  NAVIGATION 

Table  A- 13  (Pege  1  of  2) 
F-5E  DATA  AT  THE  SYSTEM  LEVEL 


desigmaiqh _ WUMS1 i _ mUiAOJUJEi 


ASG-29 

optical  Siqht  Lead  Coap 

AP0-I53 

Bader  fire  Control 

A1C-  18 

latercon 

APX-72 

IPP  transponder 

ABC- ISO 

08P  Badic 

ABA- 50 

OH  P  Eirection  Finder 

ABH-65 

TACK  Bavioatioa 

abb- an 

TACAB  navigation 

Seiecil  Electric 
Xaersoa  Electric 
Andre*  Aadio  Cerp. 

Beadii  Corp.  (Badio  tie.) 
Itquioi  Co. 

BocktfeJLl  lot.  (Collies  Badio) 
Hoffaaa  Electronics  Carp. 

(Hilitary  Electronics  Dir.) 
Hoffnaa  Electronics  Corp. 

(Hilitary  Electronics  Die.) 
ASC  Ifiteit  Corp. 
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Table  A-13  (Page  2  of  2) 


DESIGNATOR 

LEARN 

CURVE 

X 

WEIGHT 

LBS. 

VOLUME 
CU. IN. 

DENSITY 

LBS/ 

CU. IN. 

POWER 

VA 

-TECHNO 

YR _ LVL 

FUNCTIONAL  GROUP 

ASG-29 

AVG 

OPTICAL 

APQ-153 

89.2 

111.0 

5875 

.0189 

800 

71 

2 

RADAR 

A  1C- 18 

AVG 

5.2 

207 

.0251 

22 

RADIO  COMM 

APX-72 

AVG 

16.5 

479 

.0344 

RADIO  COMM 

ARC- 150 

AVG 

RADIO  COMM 

ARA-50 

AVG 

7.0 

346 

.0202 

45 

65 

2 

RADIO  NAVIGATION 

ARN-65 

AVG 

RADIO  NAVIGATION 

AR.H-J4 _ 

_ 99.T 

_ 29.0 

_ Z£6_ 

•  0379 

_ 163- 

-71- 

_ 3 _ 

RADIO  NAVIGATION 
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Table  A-14  (Page  1  of  2) 
F-14A  DATA  AT  THE  SYSTEM  LEVEL 


CESIGBAIOB 

.  POACH OM 

BAMUf ACIUBEB 

ALO-100 

ECB 

Sanders  Associates 

ALO-126 

BCB 

Sanders  Associates 

ALO-128 

BCB  Buiitaode 

Baqaavoi  Co. 

ABU-9C0HP. 

Coaputec 

Huqhes  Aircraft 

CP-I03SA 

Ait  Lata  coaputer 

Garrett  Airescarcb  Co. 

ISA-79 

Bulti  Bode  Dispiar 

IBB  Corp. 

AVI- 12 

Vertical/Bead-Up  Display 

Kaiser  Industries  Corp. 

AHG-9CISF. 

Displays 

Huqhes  Aircraft 

ALE- 29 

Chaff  Dispenser 

Tracer  Inc. 

ALZ-39 

Chaff  Dispenser 

Goodyear  Aerospace 

IMG- 9BSLA0X 

Bissile  Aux. 

Huqhes  Aircraft 

IMG- 15 

Fite  Coatcol  Systea 

Fairchild  Industries 

ABB-5 

Fuse  Coatrol 

General  Dynaaics  Corp. 

ASM- 92 

loertial  Matiqatioa 

Litton  Industries 

(Guidance  and  Ccatrol  Die.) 

ALB-23 

BCB  2B  Bcceieer 

avco  corp. 

ASG-9IB 

Inf  cared  Seasor 

Huqhes  Aircraft 

ALB-25 

ECB 

Sanders  Associates 

Liaq-Teaco-Vouqkt  lac./Bayetbon 

ALB- 45 

Badar  Botinq/Barniaq 

Itek  Corp. 

(Applied  Iccbcoloqy  Die.) 

ALB-50 

Badac  Bnrainq  Beceieer 

Baqaaeoi  Co. 

APB- 25 

Badar  Hoainq/Marainq 

Itek  Corp. 

(Applies  Tachaoloqy  Die.) 

APB- 27 

Badar  Ecceieer 

Baqaaeos  Co. 

AS  0-8  5 

loteqratcd  ilectc.  Ceatral 

BCA 

APM-154V 

Bad at  Baacoa 

flotorola  lac. 

(Bilitary  Xlectconics  Die.) 
Baited  Telecontrol 

APB-  194 

Badar  Elacttoaic  Altiaataz 

Honey v «11  Inc.  (GAf  lie.) 

A8G-9B0B 

Badar 

Huqhes  Aircraft 

APX-72 

IFF  Transponder 

Bendis  Corp.  (Badic  Lie.) 

IPX- 76A 

IFF  Interroqator 

Baseltine  Corp.  (Electronic  Die.) 

ABC- 51 A 

UUP  coaaaad  Badio 

BockueLl  1st.  (Collins  Badio) 

Adairal  corp. 

ABC-  159 

UHF  iransceieer 

Bockuell  1st.  (Collins  Badio) 

ABB- 89 

OUf  iadio  Becaiver 

BCA  (Defense  Coanusication  Die.) 

AS  4- 27 

Data  link 

Litton  Industries 

(Data  Systcns  tie.) 

ABA- 50 

DBF  Cicectioa  Finder 

BockBell  1st.  (Collins  Badio) 

ABA-63 

Beceieer  Decoder 

Cutler- Banner  (Airborne  Inst.  Lat.) 
steaart-Baraer  cerp. 

ABM- 52 

TACAM  Haeiqatioa 

ITT  Corp.  (Federal  Lats.) 

Be  public  Ucctronics 

ABM -84 

Hoffaao  Electrcaics  Corp. 

(Bilitary  Ucctronics  Die.) 

ASC  Systeaa  Corp. 

I 
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Table  A-1A  (Page  2  of  2) 


DESIGNATOR 

LEARN 

CURVE 

X 

WEIGHT 
_ UBS,  . 

VOLUME 
CU. IN. 

DENSITY 

LBS/ 

CU. IN. 

POWER 

VA 

TECHNO 

YR  LVL 

FUNCTIONAL  GROUP 

ALQ-100 

93.4 

220.0 

3974 

.0554 

3800 

65 

3 

ACTIVE  ECM 

ALQ-126 

93.4 

185.0 

3974 

.0466 

72 

3 

ACTIVE  ECM 

ALQ-128 

96.3 

58.6 

2765 

.0212 

168 

76 

3 

ACTIVE  ECM 

AWG-9COMP 

85.6 

175.0 

5108 

.0343 

1000 

70 

2 

COMPUTER 

CP-1035A 

97.2 

33.2 

691 

.0481 

206 

70 

2 

COMPUTER 

ASA- 79 

88.9 

62.9 

3231 

.0195 

505 

70 

2 

D 1  SPLAY 

AVA-12 

85.5 

121.0 

5357 

.0226 

810 

70 

1 

DISPLAY 

AWG-9DISP 

AVG 

DISPLAY 

ALE-29 

79.2 

43.0 

1398 

.0308 

28 

2 

ELECTROMECHANICAL 

ALE-39 

AVG 

36.0 

ELECTROMECHANICAL 

AWG-9MS 1  Aux. 

AVG 

ELECTROMECHANICAL 

AWG-15 

88.0 

46.7 

2347 

.0199 

102 

70 

2 

ELECTROMECHANICAL 

AWW-5 

NONE 

ELECTROMECHANICAL 

ASN-92 

AVG 

123.9 

4493 

.0276 

INERTIAL 

ALR-23 

AVG 

63.0 

1693 

.0372 

910 

67 

OPTICAL 

AWG-9IR 

AVG 

66.0 

1901 

.0347 

OPTICAL 

ALR-25 

NONE 

PASSIVE  ECM 

ALR-45 

AVG 

46.0 

72 

PASSIVE  ECM 

ALR-50 

AVG 

16.0 

72 

PASSIVE  ECM 

APR-25 

87.2 

37.0 

1538 

.0241 

74 

66 

2 

PASSIVE  ECM 

APR-27 

86.6 

11.0 

760 

.0145 

420 

66 

1 

PASSIVE  ECM 

ASQ-85 

NONE 

POWER  MANAGEMENT 

APN-154V 

85.7 

6.0 

190 

.0316 

66 

2 

RADAR  NAVIGATION 

APN-194 

98.1 

7.0 

400 

70 

RADAR  NAVIGATION 

AWG-9RDR 

83.9 

649.0 

19008 

.0341 

20000 

70 

3 

RADAR 

APX-72 

AVG 

16.5 

479 

.0344 

RADIO  COMM 

APX-76A 

AVG 

19.0 

726 

.0262 

170 

1 

RADIO  COMM 

ARC-51A 

92.9 

38.0 

1300 

.0292 

180 

2 

RADIO  COMM 

ARC- 159 

AVG 

9.0 

173 

.0520 

74 

3 

RADIO  COMM 

ARR-69 

78.5 

10.0 

318 

.0315 

65 

2 

RADIO  COMM 

ASW-27 

AVG 

RADIO  COMM 

ARA-50 

AVG 

7.0 

346 

.0202 

45 

65 

2 

RADIO  NAVIGATION 

ARA-63 

100.0 

13.0 

72 

2 

RADIO  NAVIGATION 

ARN-52 

92.3 

51.0 

2305 

.0221 

420 

64 

1 

RADIO  NAVIGATION 

ARN-84 

98,1- 

—29,0— 

_ m . 

-_^3?9-  . 

163 

71 

3 

RADIO  NAVIGATION 

98- 


Table  A-1S  (Page  1  of  2) 
F-1SA  DATA  AT  THE  SYSTEM  LEVEL 


DISIGMAIOB 

mmmm 

BAAUiiCTUBEE  . . . 

Aio-119 

EC 8  Svstea 

Hestinghousc  Electric  Corp. 
(Defense  and  Space  Center) 

AL0-128 

EC8  Hulitaode 

Hagnavoz  Co. 

AlQ-135 

ECS  Jaaainq 

Horthrcp  Corp. 

ASK- 6 

Lata  Coaputec 

Sperry  Band  Cocf. 

CP- 10  75/AY K 

Air  Lata  Coaputec 

ittH  Corp. 

AJH-18 

Horizontal  Situation  lad. 

Bockueil  Int.  |Collins  Badio) 

Aill-3  9/A 

Attitude  Direct  ion  lad. 

Astronautics  corp. 

A VO-2  C 

Head-Up  Display 

HcDonnell  Douglas  Corp. 

C-901 1 

CHI  tisplays 

SCI 

or-60/A 

Vertical  Situation  Sisp. 

Sperry  Band  cccp. 

AHG-20 

Araaaeot  Control 

HcDonnell  Douqlas  Corp. 

Chaff /flare 

Chaff  cispeaaer  (P-1S) 

unkacoun 

ASH- 108 

Attitude  Beferenca  \  ■ 

Sperry  Band  corp. 

ASH- IC9 

Inertial  Navigation 

Litton  Industries 

(Guidance  and  Control  Div.) 

CH- 1377/480 

Coeputiaq  Gyro 

General  Electric 

410-154 

ter  Tail  naming 

Cutler-Uanaer  (Ail  tiv.) 

ALB-56 

Badar  Baming  Been  iter 

Local  Electronics 

(Electronics  Systens  Div.) 

APG-63 

badar  Fire  Control 

Hugnes  Aircraft  (Aerospace  Grcup) 

AC1-76A 

IFF  Interrogator 

Hazeltine  Corp.  (Electronic  Div.) 

API-101 

IFF  Transponder 

Teledyne 

ABC- 1 68 

OUf/AH  Badio 

Hagnavcz  Co. 

81-914  7/API 

IFF  Beply  ifaluator 

Litton  Industries 

81-926  7/A 

Interference  Blanker  Sts. 

HcDonnell  Douqlas  cerp. 

ABH-I 12 

Inrtruaent  Laniiag  Sys. 

Bockuell  International 

ABH- 1  18 

TACAH 

Bockueil  Int.  (Collins  Badio) 

0 A-8639/A3A 

Autoaatic  Direction  Finder 

Bocfceei 1  Int.  (Collins  Badio) 

CHI  Antenna 

Con.Ray.Ident.Aat.  (F-15) 

Transco  Products  Inc. 

Bockuell  Int.  icoliins  Badio) 
Dorse  and  Bargclin 

Daico 

KIB/1 A/TSEC 

Interrogator  Conputer 

National  Security  Agency 

KIT/ 1 A/TSEC 

Transponder  Coaputec 

National  Security  Agency 

KY-28/TSEC 

Secure  Speech 

National  Security  Agency 

Haa. Azi.oet . 

Hag.  Azi.  Cet.  (F-15) 

Sperrr  Band  Corp. 

T-1217/AB 

Attack  Sensor 

Teledyne 

Tot. Tear. Prb. 

Total  leap.  Probe  (F-15) 

Bos'eaount 
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Table  A-15  (Page  2  of  2) 


DESIGNATOR 

LEARN 

CURVE 

1 

WEIGHT 

LBS. 

VOLUME 
CU. IN. 

DENSITY 

LBS/ 

CU. IN. 

POWER 

VA 

TECHNO 

YR  LVL 

FUNCTIONAL  GROUP 

ALQ-119 

AVG 

ACTIVE  ECM 

ALQ-128 

96.3 

58.6 

2765 

.0212 

168 

76 

3 

ACTIVE  ECM 

ALQ-135 

96.3 

387.0 

10366 

.0373 

8000 

76 

3 

ACTIVE  ECM 

ASK-6 

95.6 

16.2 

518 

.0313 

70 

COMPUTER 

CP-1075/AYK 

93.1 

41.5 

1728 

.0240 

300 

72 

2 

COMPUTER 

AJN-16 

108.2 

16.0 

518 

.0309 

36 

DISPLAY 

ARU-39/A 

113.5 

5.5 

132 

.0417 

9 

DISPLAY 

AVQ-20 

96.3 

68.1 

1935 

.0352 

316 

76 

2 

DISPLAY 

C-9011 

102.8 

23.0 

605 

.0380 

40 

72 

3 

DISPLAY 

0D-60/A 

88.8 

43.0 

1175 

.0366 

306 

DISPLAY 

AWG-20 

114.0 

49.3 

2081 

.0237 

235 

ELECTROMECHANICAL 

Chaff/Flare 

NONE 

170.0 

3456 

.0492 

90 

ELECTROMECHANICAL 

ASN-108 

91.6 

28.0 

726 

.0386 

132 

72 

3 

INERTIAL 

ASN-109 

93.3 

50.6 

1728 

.0293 

287 

INERTIAL 

CN-1377/AWG 

99.9 

18.4 

915 

.0201 

27 

INERTIAL 

ALQ-154 

NONE 

80.0 

2250 

.0356 

540 

PASSIVE  ECM 

ALR-56 

96.3 

142.6 

4164 

.0342 

680 

76 

3 

PASSIVE  ECM 

APG-63 

83.8 

494.5 

16934 

.0292 

10739 

72 

3 

RADAR 

APX-76A 

AVG 

19.0 

726 

.0262 

170 

1 

RADIO  COMM 

APX-101 

AVG 

14.7 

380 

.0387 

65 

2 

RADIO  COMM 

ARC- 164 

AVG 

17.0 

173 

.0984 

110 

RADIO  COMM 

MX-9147/AP* 

75.7 

18.0 

657 

.0274 

85 

RADIO  COMM 

MX-9287/A 

NONE 

7.2 

250 

.0288 

65 

RADIO  COMM 

ARN-112 

97.7 

6.8 

207 

.0329 

16 

72 

2 

RADIO  NAVIGATION 

ARN-118 

AVG 

44.0 

2108 

.0209 

280 

RADIO  NAVIGATION 

0A-8639/ARA 

96.3 

12.6 

207 

.0609 

16 

RADIO  NAVIGATION 

CNI  Antenna 

NONE 

12.0 

22 

MISCELLANEOUS 

KIR/1A/TSEC 

NONE 

13.1 

276 

.0475 

35 

MISCELLANEOUS 

KIT/1A/TSEC 

NONE 

12. 1 

276 

.0438 

30 

MISCELLANEOUS 

KY-28/TSEC 

NONE 

16.0 

440 

.0364 

30 

MISCELLANEOUS 

Mag. Azi .Det. 

101.2 

1.6 

17 

.0941 

MISCELLANEOUS 

T-1217/AR 

94.6 

3.9 

53 

.0736 

310 

MISCELLANEOUS 

Tgt.JffMP.Prfr. 

NPHE_ 

_ 

_ Z_ 

■  3143-.- 

_ 4QQ  „ 

MISCELLANEOUS _ 
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Table  A-16  (Page  1  of  2) 
F-111A  DATA  AT  THE  SYSTEM  LEVEL 


jtfsuuuiflu _ liuifijifli _ uuuaiiii 


ALQ-41 

ALE- 28 

BCB 

Chaff  Dispenser 

AJO-20 
AAB-34 
ALB-2 J 
ASG-23 

Inertial  Boan/Bav. 
Infrared  Detectinq 
EC8  IS  Bcceiver 
Optical  Siqtt 

Group 

APS- 109 A 

Badat  Hoainq/Barninq 

APB-167 
API- 110 
IPO- 113 

Badar  Altiaeter 

Sadat  Terrain  Followiaq 
Badar  Attack 

API-64? 
ABC-  109V 
ARC- 123 
HX-6770U 
ABA- SO 

ABB- 52 

IFF  transponder 

UHF  transceiver 

UF  Badio 

Interference  Blanker  Sys 
UHF  tirection  Finder 
TACAk  Baviqation 

ABB-S8A 

Instruxent  Eandiaq 

Sys. 

Sanders  Associates 
General  Dy caries  Corp. 

Lundy  Electronics 
Litton  Industries 
AVCO  corp.  (Electrcnics  Div.) 

AVCO  Corp. 

General  Electric 

(Liqht  Hilitacy  Electronic  Cept.) 
Textron  (dell  Aerospace) 

Linq-Tcaco- Vcuqfct  Iac./fia ycthon 
Honey veil  inc./ITt, corp. 

Texas  Enstruneats  Inc. 

General  Electric 

(Liqkt  flilitary  iquipaent  Ccpt.) 
Hazeltine  Corp. 

Rockwell  1st.  (Collins  Badio) 

AVCO  Corp.  (Electrcnics  Div.) 

Unknown 

Rockwell  Int.  (Collins  Badio) 

ZTZ  Corp.  (federal  Eats.) 

Beputlic  Electrcnics 
Bockwell  Int.  (Collins  Radio) 
Courier 
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Table  A-16  (Page  2  of  2) 


DESIGNATOR 

LEARN 

CURVE 

% 

WEIGHT 

LBS. 

VOLUME 
CU. IN. 

DENSITY 

LBS/ 

CU. IN. 

POWER 

VA 

techno 

YR  LVL 

FUNCTIONAL  GROUP 

ALQ-41 

85.2 

207.0 

5530 

.0374 

207 

60 

1 

ACTIVE  ECM 

ALE-28 

AVG 

106.0 

67 

X 

ELECTROMECHANICAL 

AJQ-20 

AVG 

202.0 

7085 

.0285 

65 

2 

INERTIAL 

AAR-34 

AVG 

235.0 

7539 

.0311 

65 

OPTICAL 

ALR-23 

AVG 

63.0 

1693 

.0372 

90 

67 

OPTICAL 

ASG-23 

AVG 

OPTICAL 

APS-109A 

AVG 

99.0 

67 

2 

PASSIVE  ECM 

APN-167 

92.2 

28.0 

1849 

.0151 

90 

65 

2 

RADAR  NAVIGATION 

APQ-110 

AVG 

237.0 

8985 

.0264 

2000 

65 

2 

RADAR 

APQ-113 

118.0 

370.0 

10714 

.0345 

1637 

64 

2 

RADAR 

APX-64V 

AVG 

29.0 

2064 

.0139 

80 

1 

RADIO  COMM 

ARC- 109V 

89.3 

30.0 

997 

.0301 

232 

72 

2 

RADIO  COMM 

ARC- 123 

AVG 

91.0 

4420 

.0206 

RADIO  COMM 

MX-6770U 

AVG 

RADIO  COMM 

ARA-50 

AVG 

7.0 

346 

.0202 

45 

65 

2 

RADIO  NAVIGATION 

ARN-52 

92.3 

51.0 

2305 

.0221 

420 

64 

1 

RADIO  NAVIGATION 

ARN-58A 

_ AYC_ 

_ liJL. 

.  10- 

1 

RAP19-  NAVIGATION 

1 


k 
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Table  A-17  (Page  1  of  2) 
F-111D  DATA  AT  THE  SYSTEM  LEVEL 


c^sIgmatjb _ fu  mchoii _ uumtuaa 


AL0-87 

ECU  Pod  Aquipeent 

AL0-9V 

ECB 

A*  It- 6 

Digital  Coapiater 

AVA-  9 

Integrated  Cate  Display 

ATB-V 

Horizontal  Situation  Disp, 

ALE-28 

Chaff  Cicpeaser 

AJB-16 

Inertial  navigation 

AAB-3V 

Infrared  Cetecting  Croup 

ALB-23 

sea  IB  Beceiver 

ALB- VI 

ECB  Seceiver 

APS- 109A 

Badat  Boninq/Varninq 

APB- 187 

Badat  Altiaetec 

APB- 189 

Badac  Coppice 

AP0- 128 

Badar  Terraiu  Poliovinq 

AP0- 130 

Badar  Attack 

API- aw 

IFF  Transponder 

ABC- 109V 

U HP  Transceiver 

ABC- 123 

HP  Badio 

ABA- SO 

UHP  Circction  Pinder 

ABN- 52 

IACAB  Navigation 

ABB-  58  A 

instruaent  landing  Sts. 

General  Electric 
Sanders  Associates 
IBM  Corf. 

Oaited  Iccbnolo? s«s  (Borden) 
Astronautics  Ciir;  . 

General  Dynaaicf  Corp. 

Lundy  llectrr,  ’c» 

Bock sell  1st. 

Avco  Corp.  (Slectrtaics  Civ.) 

AVCO  Corp. 

Loral  Electros  ice  |Systeas  Div.) 

General  Dyceaics 
Textron  (tell  Aacoapaoe) 

Linq-Teaco- Vouqbt  Xnc. /Bayethoa 
Honeyvell  Inc. /ITT  Corp. 

Canadian  flarconi  Co. 

Texas  lastr uncats  Inc. 

Bockvell  Inter eaticnal  (MAM) 
Hazeltiee  Corp. 

Bockvell  Znt.  (Collins  Badio) 

AfCO  Corp.  (ilcctr cnics  Div.) 
Bockvell  Xnt.  (Collins  Badio) 

ITT  Corp.  (rcderal  Labs.) 

Bepsblic  Elcctccnics 
Bockvell  Xnt.  (Collins  Badio) 
Courier 
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Table  A-17  (Page  2  of  2) 


LEARN 

CURVE 


WEIGHT 


ALQ-87 

ALQ-94 


ALE-28 

AJN-16 

AAR- 34 

ALR-23 

ALR-41 

APS-109A 

APN-167 

APN-189 

APQ-128 

APQ-130 

APX-64V 

ARC- 109V 

ARC- 123 

ARA-50 

ARN-52 


400, 

.0 

47, 

.0 

60, 

.0 

106. 

.0 

85 

,0 

235 

.0 

63 

.0 

207, 

.0 

99. 

.0 

28 

,0 

59 

.5 

237. 

.0 

VOLUME 

-  II 


DENS  I TY 
LBS/ 


techno 


1493 

.0 

’539 

.o; 

693 

.o; 

>530 

.o: 

i  min  ■  ni  l  r,i  a 


ACTIVE  ECM 
ACTIVE  ECM 
COMPUTER 
DISPLAY 
DISPLAY 

ELECTROMECHANICAL 

INERTIAL 

OPTICAL 

OPTICAL 

PASSIVE  ECM 

PASSIVE  ECM 

RADAR  NAVIGATION 

RADAR  NAVIGATION 

RADAR 

RADAR 

RADIO  COMM 
RADIO  COMM 
RADIO  COMM 
RADIO  NAVIGATION 
RADIO  NAVIGATION 
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Table  A- 18  (Page  1  of  2) 
F-111E  "DATA  AT  THE  ST  STEM  LEVEL 


dksigmaiob _ roiiciion _ flilitlASUtlM 


ALO-87 

ALO-94 

ALE- 28 

RCfl  Pod  Iquipeent 

EC  fl 

Chaff  Cispenser 

AJ0-2C 

AAR-34 

ALB- 23 
ASG-23 

Inertial  Boab/Hav. 
Infrared  Oetectinq  Group 
ECH  IB  Receiver 

Optical  Siqht 

ALB- 4 1 

ECB  Receiver 

APS-109A 

Radar  Boainq/Haminq 

APR- 167 
APO-110 
API)- 113 

Radar  Altineter 

Radar  Terrain  Eollowinq 
Radar  Attack 

APX-6UV 
ARC- 109  V 
ARC- 123 
ABA- 50 

ABB- 52 

iPP  Transponder 
liar  Transceiver 

HP  Radio 

QHP  lirection  Finder 
IACAR  Raviqation 

ARN-S8A 

Instruaeot  Landinq  Sts. 

Seiecil  electric 
Sanders  Associates 
General  Dynamics  Cotp. 

Lundy  Electronics 
Litton  Industries 
1VC0  Cotp.  (Electrcnics  Eiv.) 

AVCO  Corp. 

General  Electric 

(LiqAt  ailitary  Electronic  Zept.) 
Loral  Electronics  (Systeas  Eiv.) 

General  Eysaaics 
Textron  (Hell  Aerospace) 

Liuq-Ieacc- Vouqht  znc./Ba yethoo 
Honeywell  Inc. /ITT  Corp. 

Texas  Znstrascats  lnc. 

General  Electric 

(Liqbt  Bilitary  Equipaeat  Dept.) 
Hazeltiae  corr- 
Rockwell  Int.  (Collins  Badio) 

AVCO  Corp.  (Electronics  Eiv.) 
Rockwell  Int.  (Ccilins  Badio) 

ZTT  Corp.  (federal  Labs.) 

Republic  Electronics 
Rockwell  Int.  (Collins  Radio) 
Courier 
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Table  A-18  (Page  2  of  2) 


DESIGNATOR 

LEARN 

CURVE 

1 

WEIGHT 

LBS. 

VOLUME 
CU. IN. 

DENSITY 

LBS/ 

CU. IN. 

POWER 

VA 

-TEfitfflO- 

YR  LYL 

FUNCTIONAL  GROUP 

ALQ-87 

AVC 

3500 

ACTIVE  ECM 

ALQ-94 

93.6 

400.0 

13824 

.0289 

67 

ACTIVE  ECM 

ALE-28 

AVG 

106.0 

67 

ELECTROMECHANICAL 

AJQ-20 

AVG 

202.0 

7085 

.0285 

65 

2 

INERTIAL 

AAR-34 

AVG 

235.0 

7539 

.0311 

65 

OPTICAL 

ALR-23 

AVG 

63.0 

1693 

.0372 

910 

67 

OPTICAL 

ASG-23 

AVG 

OPTICAL 

ALR-41 

85.2 

207.0 

5530 

,0374 

12 

PASSIVE  ECM 

APS-109A 

AVG 

99.0 

67 

2 

PASSIVE  ECM 

APN-167 

92.2 

28.0 

1849 

.0151 

90 

65 

2 

RADAR  NAVIGATION 

APQ-110 

AVG 

237.0 

8985 

.0264 

2000 

65 

Z 

RADAR 

APQ-113 

118.0 

370.0 

10714 

.0345 

1637 

64 

2 

RADAR 

APX-64V 

AVG 

29.0 

2084 

.0139 

80 

1 

RADIO  COMM 

ARC- 109V 

89.3 

30.0 

997 

.0301 

232 

72 

2 

RADIO  COMM 

ARC- 123 

AVG 

91.0 

4420 

.0206 

RADIO  COMM 

ARA-50 

AVG 

7.0 

346 

.0202 

45 

65 

2 

RADIO  NAVIGATION 

ARN-52 

92.3 

51.0 

2305 

.0221 

420 

64 

1 

RADIO  NAVIGATION 

A«N-5&A__, 

_ Am. 

_ 13,1?- 

-70- 

1 

RADIO  NAVIGATION 
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Table  A-19  (Page  1  of  2) 
F-lllF  DATA  AT  THE  SYSTEM  LEVEL 


EASIGBATOB 

FUBCUOB 

ALO-67 

ALO-94 

ALE- 28 

ECS  Fod  Sguipsent 

BCR 

Chaii  Ciepenser 

AJH-  16 
AAB-34 

AL8-23 

ASG-  27 

Inertial  Batigation 
Infrared  Detecting  Group 
BCR  IB  Beceieer 

Optical  Sight 

ALB- 41 

ICR  Beceiver 

APS- 109  A 

Badat  Hctiaq/Barning 

APB-147 

APO-128 

APO- 144 
APX-44V 

ABC-  109  V 
ABC- 123 

ABA- SO 

ABB- 52 

Badar  Altimeter 

Badar  Terrain  Following 
Badar  Boab  Delivery 

IFF  Transponder 

UHF  Transceiver 

BF  Badio 

OHF  Direction  Finder 
TJCAB  Bavigation 

ABH-S8A 

Instruaent  Landing  Svs. 

_ ttmiamu _ 

General  Electric 
Sendees  Associates 
Seneca  1  Dyne lies  Ccrp. 

Lundy  Electronics 
lock  *eJ_l  1st. 

AVCO  corp.  (Electronics  Civ.) 

ATCO  Corp. 

General  Electric 

(Light  Hilitary  Electronic  Cept.) 
Lorai  Electronics  (Systens  Diw.) 

General  Dynenice 
Textron  (sell  Aerospace) 

Ling-Teaco- Vougkt  Inc./Bayethon 
Uoneyae.il  Inc. /Ill  Carp. 

Texas  Zsstraxents  Inc. 

General  Electric 
Hazel tine  Corp. 

Bockeell  lot.  (Collins  Badio) 

AVCO  Corp.  (Electronics  Civ.) 
Bockvell  int.  (Collins  Badio) 

ITT  Corp.  (Federal  tats.) 

Bnputlic  Electronics 
Bockwell  let.  (Collins  Badio) 

Coaster 
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Table  A-19  (Page  2  of  2) 


DESIGNATOR 

LEARN 

CURVE 

_  X 

WEIGHT 

LBS. 

VOLUME 
CU. IN. 

DENS  1 TY 
LBS/ 

CU. IN. 

POWER 

VA 

FUNCTIONAL  GROUP 

ALQ-87 

3500 

ACTIVE  ECM 

ALQ-94 

93.6 

400.0 

13824 

.0289 

67 

ACTIVE  ECM 

ALE-28 

AVG 

106.0 

67 

ELECTROMECHANICAL 

AJN-16 

90.0 

85.0 

4493 

.0189 

67 

3 

INERTIAL 

AAR- 34 

AVG 

235.0 

7539 

.0311 

65 

OPTICAL 

ALR-23 

AVG 

63.0 

1693 

.0372 

90 

67 

OPTICAL 

ASG-27 

NONE 

OPTICAL 

ALR-41 

85.2 

207.0 

5530 

.0374 

12 

PASSIVE  ECM 

APS-109A 

AVG 

99.0 

67 

2 

PASSIVE  ECM 

APN-167 

92.2 

28.0 

1849 

.0151 

90 

65 

2 

RADAR  NAVIGATION 

APQ-128 

94.6 

237.0 

8986 

.0264 

2000 

67 

2 

RADAR 

APQ-144 

AVG 

370.0 

10610 

.0349 

1637 

70 

2 

RADAR 

APX-64V 

AVG 

29.0 

2084 

.0139 

80 

1 

RADIO  COMM 

ARC- 109V 

89.3 

30.0 

997 

.0301 

232 

72 

2 

RADIO  COMM 

ARC-123 

AVG 

91.0 

4420 

.0206 

RADIO  COMM 

ARA-50 

AVG 

7.0 

346 

.0202 

45 

65 

2 

RADIO  NAVIGATION 

ARN-52 

92.3 

51.0 

2305 

.0221 

420 

64 

1 

RADIO  NAVIGATION 

ARN-58A 

-13.0- 

7Q 

1 

■JMI’KrAWMUn 

k 
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Table  A-20  {Page  1  of  2) 
FB-lllA  DATA  AT  THE  SYSTEM  LEVEL 


USU&llQM _ UMKUfll - flAMtimjJA 


ALO-94 

AY  K-  6 

AYN-4 

ALE-29 

ECS 

Diqital  Coaputer 
Horizontal  Situation  Disp. 
Chaff  Dispenser 

AJB-  16 
AAB-34 
ALB-23 
ASG-26 

Inertial  navigation 
Infrared  Detecting  Group 
ECH  IB  Beceiver 

Optical  Sight  Load  Coap. 

ALB-41 

ECU  Beceiver 

ALB- 6 2 

APS-  1C9A 

Badar  Hoaing/Har ning 

Badar  Hoaing/Uaruing 

APB-105 
APO-  l  Id 
APO-114 
APO- 134 
API-t4V 
APX-78 

ABC-  IC9V 
ABC- 123 
ABB- 52 

Badar  navigation 

Badar  lerrain  Folloninq 
Badar  Attack 

Badar  Terrain  Following 
IFF  iransponler 
Transponder 

UHF  Transceiver 

HP  fiadic 

TACAH  navigation 

ABN-58A 

Instrunent  Landing  Sys. 

ASO-  119 

Aetrotr asker 

Sanders  Associates 
IBB  Corp. 

Astronautics  ccrp. 

General  Dynaaics  Corp. 

Lundy  Electronics 
Bock. well  Int. 

AVCO  Corp.  (Electronics  Div.) 
avco  Corp. 

General  Xlectric 

(Light  ailitary  Electronic  tept. ) 
Loral  Electronics  (Systeas  Div.) 

General  Dvnanics 
Textron  Inc.  (Caine  Victor  Div.) 
Textron  (Bell  Aerospace) 

Linq-Ieaco*rouqAt  Inc. /Ba yetboo 
Sinqer  Co. 

Texas  Znstruaents  Inc. 

General  Electt ic/Saqe  Labs 
Texas  Znstruaents  Inc. 

Hazeltine  Corp. 

Motorola  Inc. 

Boctwell  lat.  (Collins  Badio) 

AVCO  Corp.  (Elactrcnics  Div.) 

ITT  Corp.  (federal  Labs.) 

Bepublic  Electronics 
Bockuell  Int.  (Collins  Badio) 

Courter 

Litton  industries 


Table  A-20  (Page  2  of  2) 


DESIGNATOR 

LEARN 

CURVE 

* 

WEIGHT 

LBS. 

VOLUME 
CU. IN. 

DENSITY 

LBS/ 

CU. IN. 

POWER 

VA 

TECHNO 

YR _ LVL 

FUNCTIONAL  GROUP 

ALQ-94 

93.6 

400.0 

13824 

.0289 

67 

ACTIVE  ECM 

AYK-6 

85.9 

47.0 

1437 

.0327 

240 

67 

3 

COMPUTER 

AYN-4 

AVG 

60.0 

67 

DISPLAY 

ALE-28 

AVG 

106.0 

67 

ELECTROMECHANICAL 

AJN-16 

90.0 

85.0 

4493 

.0189 

67 

3 

INERTIAL 

AAR- 34 

AVG 

235.0 

7539 

.0311 

65 

OPTICAL 

A LR-23 

AVG 

63.0 

1693 

.0372 

910 

67 

OPTICAL 

ASG-26 

AVG 

OPTICAL 

ALR-41 

85.2 

207.0 

5530 

.0374 

12 

PASSIVE  ECM 

ALR-62 

NONE 

PASSIVE  CM 

APS-109A 

AVG 

99.0 

67 

2 

PASSIVE  lGM 

APN-185 

90.  1 

65.0 

5218 

.0125 

325 

67 

2 

RADAR  NAVIGATION 

APQ-110 

AVG 

237.0 

8985 

.0264 

2000 

65 

2 

RADAR 

APQ-114 

75.0 

370.0 

10610 

.0349 

1637 

67 

2 

RADAR 

APQ-134 

94.5 

237.0 

8986 

.0264 

2000 

66 

2 

RADAR 

APX-64V 

AVG 

29.0 

2084 

.0139 

80 

1 

RADIO  COMM 

APX-78 

AVG 

6.0 

121 

.0496 

2 

RADIO  COMM 

ARC- 109V 

89.3 

30.0 

997 

.0301 

232 

72 

2 

RADIO  COMM 

ARC- 123 

AVG 

91  .0 

4420 

.0206 

RAO  10  COMM 

ARN-52 

92.3 

51.0 

2305 

.0221 

420 

64 

1 

RADIO  NAVIGATION 

ARN-58A 

AVG 

19.0 

70 

1 

RADIO  NAVIGATION 

ASQ-119 

AVG 

66.0 

3629 

.  JH9Z  . 

_£Z_ 

2 

MISCELLANEOUS 

Appendix  B 


SYSTEMS  LEVEL  COST  ESTIMATING  DATA 

This  appendix  presents  data  underlying  Section  IV's  analysis  of 
systems  level  avionics  costs.  Table  B-l  displays  the  summary 
statistics  for  all  the  223  systems  contained  in  the  sample.  For  the 
principal  parameters,  the  listing  supplies  the  number  of  cases 
affected  and  the  means  and  standard  deviations  of  the  distributions. 
To  obtain  values  for  individual  systems  consult  the  specifications 
embodied  in  the  functional  group  inventories  which  follow. 

Proprietary  reasons  prevent  the  recording  of  cost  by  equipment  item. 

Tables  B-2  through  B-14  deal  with  the  13  functional  groups.  For 
each  system  within  a  particular  functional  group,  the  first  segment 
of  each  table  gives  a  description  of  the  system,  the  prime  and 
second-source  producer  and  division,  and  the  aircraft  affiliation. 

The  second  segment  indicates  the  systems'  technical  characteristics 
and,  except  for  power  management  and  miscellaneous,  the  functional 
group's  summary  statistics. 

For  reference,  the  tables  are  identified  below: 

Table  Title 

B-l  All  Systems'  Summary  Statistics 

B-2  Active  Electronic  Countermeasures  Group  Data 

B-3  Computers  Group  Data 

B-4  Displays  Group  Data 

B-5  Electromechanical  Devices  Group  Data 

B-6  Inertial  Systems  Group  Data 
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B-7  Optical  Systems  Group  Data 

B-8  Passive  Electronic  Countermeasures  Group  Data 

B-9  Power  Management  Systems  Group  Data 

B-10  Radars  Group  Data 

B-ll  Radar  Navigation  Systems  Group  Data 

B-12  Radio  Communication  Systems  Group  Data 

B-13  Radio  Navigation  Group  Data 

B-14  Miscellaneous  Avionics  Systems  Group  Data 


Table  B-l 
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Table  B-2  (Page  2  of  2) 


ACTIVE  ECM  SYSTEMS 


DESIGNATOR 

t 

1 

1 

\  LEARN 

J  CURVE 

S  X 

1 

* 

1 

1 

t 

! WEIGHT 
!  LBS. 

1 

I 

1 

1 

1 

1 

J VOLUME 
SCU. IN. 

:  : 

1  1 

;  DENS  I  TV,' 
i  LBS/  { 

!  CU.IN.i 

1 

1 

1 

1 

1 

1 

1 

1 

L 

BBS 

mm 

o' 

hJ 

r-4  ’ 

H  J 

ij 

— r 
w' 

— r 

C.,1 

£j  2 

■5 
:  1 

YR 

1  1  1 

1  1  xt 

1  1 

1  III 

:lvl!  <\ 

ALQ-41 

!  85.2 

i 

i 

207.0 

i 

i 

5530 

I 

1 

.0374  | 

207 

i 

• 

60 

i 

i 

i  !  ! 

i  i 

i  i 

1  ( 

1  1 

i  i 

i  i 

X  1 

i 

i 

i 

i 

1 

4 

ALQ-49 

!  AVG 

i 

i 

155.0 

i 

i 

4493 

1 

1 

.0345  ! 

i 

i 

63 

» 

i 

l  !  ! 

t  i 

i  i 

1  1 

1  I 

i  i 

i  i 

1  1 

<  1 

1 

1 

■ 

t 

i 

i 

1 

1 

1 

1 

ALQ-51 

!  loo.i 

i 

j 

128.0 

i 

i 

4147 

1 

1 

.0309  | 

220 

i 

1 

61 

i 

i 

l  !  ! 

i  i 

i  i 

1  1 

1  1 

i  i 

i  i 

1  I 

1  1 

1 

1 

i 

i 

i 

i 

1 

1 

ALQ-51A 

!  99.2 

i 

i 

127.0 

i 

i 

3750 

1 

1 

.0339  ! 

220 

i 

f 

66 

i 

i 

l  !  ! 

i  i 

i  i 

1  1 

1  1 

i  i 

i  i 

1  1 

•  1 

1 

1 

i 

i 

i 

i 

1 

1 

I 

1 

ALQ-55 

!  AVG 

• 

i 

290.0 

i 

i 

8640 

1 

1 

.0336  ! 

i 

l 

63 

i 

i  !  ! 

i  i 

i  i 

I  1 

1  < 

i  i 

i  i 

1  1 

1  1 

1 

f 

i 

i 

i 

i 

1 

1 

4 

1 

A1Q-71 

!  NONE 

i 

i 

i 

i 

1 

( 

3500 

i 

i 

i 

i 

1  1 

1  1 

i  i 

i  i 

1  1 

1  1 

X  I  1 

1  1 

1  1 

1 

1 

i 

i 

i 

< 

1 

1 

1 

1 

ALQ-75 

;  NONE 

i 

i 

i 

i 

1 

1 

11300 

i 

i 

i 

i 

1  1 

i  * 

*  i 

I  lx 

(  1 

I  1 

1  1 

1  1 

1 

1 

i 

i 

i 

• 

1 

1 

t 

ALQ-76 

i  AVG 

i 

i 

800.0 

i 

1 

1 

2500 

i 

i 

i 

l 

1  1 

1  1 

i  i 

i  i 

1  1 

1  1 

1  1 

I  1 

1  1 

1  1 

1 

1 

i 

i 

i 

i 

4 

1 

4 

4 

A10-81 

I  AVG 

i 

» 

487.0 

i 

i 

12165 

1 

1 

.0400  | 

7900 

l 

i 

68 

i 

i 

2  :  ; 

i  i 

i  i 

1  ( 

1  1 

1  1 

1  1 

1  1 

1  1 

1 

t 

i 

i 

i 

1 

1 

1 

1 

ALQ-87 

|  AVG 

i 

i 

i 

i 

1 

1 

3500 

i 

l 

i 

i 

i  t 

i  i 

IX  I 

1  1 

1  1 

1  1 

1  1 

1  1 

1  1 

x  ; 

x  I 

X  1 

1 

1 

\ 

1 

ALQ-88 

!  97.5 

i 

i 

470.0 

i 

i 

12165 

1 

1 

.0386  i 

790 

i 

1 

67 

i 

j 

2  !  ! 

1  1 

1  1 

1  1 

1  1 

1  1 

1  1 

1  1 

1  1 

1 

1 

1 

1 

1 

1 

1 

A1Q-91 

!  AVG 

i 

i 

50.0 

• 

i 

1296 

1 

1 

.0386  j 

i 

i 

67 

i 

i 

3  !  ! 

t  4 

1  1 

1  1 

1  1 

1  lx 

1  1 

1  4 

1 

1 

1 

1 

1 

1 

1 

4 

1 

ALQ-92 

i  89.0 

i 

i 

400.0 

i 

i 

17280 

f 

1 

.0232  ! 

780 

1 

1 

68 

i 

i 

2  1  i 

1  1 

1  t 

1  I 

1  1 

*  1 

1  1 

1  1 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

ALQ-94 

!  93.6 

i 

i 

400.0 

• 

i 

13824 

1 

« 

.0289  J 

i 

i 

67 

t 

♦ 

1  1 

1  1 

1  • 

4  » 

1  1 

1  1 

1  1 

I  1 

1  1 

1  1 

X  1 

X  | 

x  1 

x  1 

1 

ALQ-100 

|  93.4 

i 

i 

220.0 

i 

i 

3974 

1 

1 

.0554  | 

3800 

i 

t 

65 

i 

i 

3  lx  ! 

x  |x  ;x 

I  IX 

I  IX 

1  1 

1  1 

1 

4 

1 

\ 

i 

I 

|X 

1 

1 

ALQ-119 

I  AVG 

i 

i 

i 

i 

1 

f 

i 

» 

i 

i 

1  1 

1  1 

i  » 

i  * 

1  t 

1  f 

lx  I 

1  1 

1  1 

« 

1 

1 

1 

» 

i 

1 

|X 

ALQ-120 

i  NONE 

i 

i 

i 

i 

1 

• 

1 

t 

i 

i 

1  1 

1  1 

1  IX 

1  1 

1  1 

I  I 

1  1 

1  1 

1 

1 

« 

i 

1 

4 

ALQ-126 

!  93.4 

i 

i 

185.0 

i 

i 

3974 

1 

1 

.0466  ; 

4 

1 

72 

< 

i 

3  1  1 

I  lx 

1  1 

1  1 

1  |x 

»  1 

1  1 

1 

1 

1 

< 

IX 

4 

ALQ-128 

!  96.3 

i 

i 

58.6 

i 

i 

2765 

I 

1 

.0212  ! 

168 

1 

i 

76 

i 

i 

3  i  1 

1  * 

»  1 

4  1 

1  1 

1  1 

1  1 

1  1 

1 

1 

1 

i 

IX 

IX 

ALQ-135 

!  96.3 

i 

i 

387.0 

i 

i 

10368 

( 

1 

.0373  | 

8000 

l 

1 

76 

i 

i 

3  1  1 

1  1 

i  ! 

I  1 

>  1 

1  1 

1  1 

» 

1 

1 

1 

( 

l 

1 

* 

lx 

s  am  Ariutl 

uses 

aTu  uev 

COST 

17 

102. N9N1 

1NN.N2N3 

COjfxOu 

9 

219.  dtsnv 

102.1030 

C0uTi.ii 

la 

0.?OOl 

U.NUVf 

tSi'uulUO 

9 

(1.  77rti» 

0,395a 

CUkVl 

9 

91.1100/ 

4.  5160 

Hint 

la 

290.9/ad 

201,7o0n 

KULUet. 

IN 

7.40NJK 

4.yU52K 

Ut  i(3  l  T  1 

IN 

O.Odai 

o.oodd 

rC.i"iHi  n 

Id 

d29«.dN02 

dON2.aobU 

eO.inUuT 

4.1 

1. dJjj 

1.527a 

HtAt’nr.u 

12 

7.N971 

5.  laOU 

cHa 1 uTn 

0 

3.2200 

3,0  n2n 

nlnl'Htu 

12 

2.796/ 

2.7y*7 

Cauil 

7 

liu. 233/ 

l«i.4a77 

ir  ad 

IN 

O/.0/1N 

N.HyOo 

4  *  tilt,* 

Id 

0. Juno 

0. 50on 

SUL  It 

Id 

0. 2 JUd 

O.Ndda 

i  h  i  (iatu 

Id 

0. dONO 

0.5U6N 

BOTE:  The  learning  curve  column  contains  the  following  Information:  a  percentage  if  costs  derive  from  specific 
production  lot  data,  "AVG"  If  costs  relate  only  to  last-lot-average  costs,  and  "NONE"  If  costs  arc  unavailable. 

The  technology  level  column's  numerical  codes  decipher  as  1  If  vacuum  tubes,  2  if  transistors,  and  3  if  Integrated 
circuits  predominate  the  electronics. 


COMPUTERS  GROUP  DATA 
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The  following  corrections  should  be  made  on  page  36: 


Equation 


COST  •  1.58  VOLUME 


1.52  .11  PSTFLT 

e 

(.01)  (.01) 


Data  and  Results 


The  last  two  entries  for  the  A-4M  line  should  read: 
Residual  |?| 

$-212  K-78  56 


